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1
CRE-LOX BASED GENE KNOCKDOWN
CONSTRUCTS AND METHODS OF USE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of U.S. Provisional Appli-
cation Ser. No. 60/906,511, filed Mar. 13, 2007, and U.S.
Provisional Application Ser. No. 60/935,154, filed Jul. 27,
2007, which are hereby incorporated by reference, in their
entirety.

GOVERNMENT INTEREST STATEMENT

This invention was made in whole or in part with govern-
ment support under grant number U54-CA112967, awarded
by the National Institutes of Health. The government may
have certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates to improved vectors and their
use in a cre-lox based method for conditional RNA interfer-
ence.

BACKGROUND OF THE INVENTION

RNA interference (RNAI) is an extremely versatile tool for
inhibition of gene expression. RNAI is based on the introduc-
tion of double stranded RNA (dsRNA) molecules into cells,
whereby one strand is complementary to the coding region of
atarget gene. Through pairing of the specific mRNA with the
introduced RNA molecule, the mRNA is degraded by a cel-
Iular mechanism. Short (30 bp) interfering RNA duplexes
(siRNA) have been shown to be effective, and do not provoke
an immune response, extending the application to mamma-
lian cells. Small hairpin RNAs (shRNAs) transcribed in vivo,
are able to trigger degradation of corresponding mRNAs
similarto the siRNAs. Micro RNAs (miRNAs) are the endog-
enous form of shRNAs that carry out the gene silencing
function in vivo.

shRNA expression has been accomplished using gene
expression vectors, with RNA polymerase III (Pol III) or
Polymerase 11 (Pol II) promoters, with expression occurring
in mice injected with the shRNA expression vectors, how-
ever, gene inhibition was temporally and spatially restricted.
Moreover stable integration of the construct is not readily
accomplished or validated in current systems.

SUMMARY OF THE INVENTION

In one embodiment, this invention provides a vector com-

prising:

1. a first pair of loxP sequences, inverted in orientation, with
respect to each other;

il. a first nucleic acid encoding a first selectable marker in
sense orientation, wherein said nucleic acid is posi-
tioned between said first pair of loxP sequences;

iii. a second nucleic acid encoding a second selectable
marker, fused in frame to an miRNA sequence of interest
in antisense orientation, said miRNA sequence of inter-
est being flanked by splice donor and splice acceptor
sequences, said second nucleic acid is positioned
between said first pair of loxP sequences, and said sec-
ond nucleic acid is 3' with regard to said first nucleic
acid;
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iv. a second pair of 1oxP sequences, inverted in orientation,
with respect to each other, wherein said first loxP
sequenced of said second pair is positioned between said
first and said second nucleic acid, and said second loxP
sequence in said second pairis positioned 3' with respect
to said first pair of loxP sequences, and said second pair
of loxP sequences differs from that of said first pair of
loxP sequences.

In one embodiment, the first pair of loxP sequences com-
prises the wildtype sequence, and in another embodiment, the
second pair of 1oxP sequences comprises a mutated loxP. In
one embodiment, the first pair of loxP sequences comprises
the loxP 5171 sequence and in another embodiment, the
second pair of loxP sequences comprises the loxP 2272
sequence.

In one embodiment, the first nucleic acid encodes two
selectable markers fused in-frame with respect to each other,
which in one embodiment, comprise a first antibiotic resis-
tance cassette fused in frame to a sequence encoding a cell
surface marker, which in one embodiment is a c-terminal
sequence encoding a Foot-and-mouth-disease virus (FMDV)
2A peptide. In one embodiment, the two selectable markers
localize to different cellular compartments, when expressed.

In another embodiment, the vector comprises a promoter
operatively linked to the first nucleic acid, and in one embodi-
ment, the promoter is tissue specific, or in another embodi-
ment, the promoter is inducible.

In one embodiment, the miRNA agent is an shRNA. In one
embodiment, the miRNA specifically inactivates p53 gene
expression or PTEN gene expression, or a combination
thereof. In one embodiment, according to this aspect of the
invention, the vector comprises a nucleotide sequence corre-
sponding to, or homolgous to SEQ ID Nos: 22, 23, 25, 26 or
27.

In another embodiment, the miRNA specifically inacti-
vates o4 integrin gene expression, and in one embodiment,
comprises a nucleotide sequence corresponding to, or homol-
gous to SEQ ID NO: 2, or in another embodiment, the vector
has a nucleotide sequence corresponding to, or homologous
to SEQ ID NO: 8

In one embodiment, the second nucleic acid further com-
prises an oncogene fused in frame to the miRNA sequence of
interest in antisense orientation. In another embodiment the
vector has a nucleotide sequence corresponding to or homol-
gous to SEQ ID NO: 21.

In one embodiment, the vector backbone is derived from a
retrovirus.

In another embodiment, the vector further comprises a first
regulatory sequence operationally linked to the first nucleic
acid, and being in an antisense orientation, which in one
embodiment is a UbiquitinC promoter sequence. In another
embodiment, the vector further comprises a second regula-
tory sequence, located 5' to said first regulatory sequence,
wherein the second regulatory sequence is in a sense orien-
tation. In another embodiment, the vector further comprises a
Bovine Growth Hormone polyadenylation signal positioned
3" to said second pair of loxP sites. In another embodiment,
the vector further comprises a modified U3 LTR positioned 5'
to the polyadenylation signal.

In another embodiment, the vector further comprises a
second miRNA sequence of interest in antisense orientation
fused to the miRNA sequence ofinterest. In one embodiment,
the second miRNA sequence of interest modulates expression
of a gene whose activity is cooperative with that of a gene
modulated by the first miRNA sequence of interest. In another
embodiment, the second miRNA sequence of interest modu-
lates expression of a gene whose activity antagonizes that of
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a gene modulated by said first miRNA sequence of interest. In
another embodiment, the vector further comprises a third
nucleic acid in antisense orientation, positioned between said
first pair of loxP sequences, wherein said third nucleic acid
encodes a protein of interest. In one embodiment, the first
miRNA sequence of interest specifically interacts with a
sequence encoding said protein of interest or a homologue
thereof. In another embodiment, the vector may be expressed
in a mammalian host, and the homologue thereofis an endog-
enous protein in the host, which in one embodiment is asso-
ciated with a disease or disorder in said host.

In one embodiment, the miRNA sequence of interest is
flanked by restriction endonuclease sites, which are flanked
by splice donor and splice acceptor sequences. In one
embodiment, the miRNA specifically inactivates firefly
luciferase gene expression, and in one embodiment com-
prises a sequence corresponding to, or homolgous to SEQ ID
NO: 1. In one embodiment, the vector comprises a nucleotide
sequence corresponding to SEQ ID NO: 3.

In one embodiment, this invention provides a composition
or cell comprising a vector of this invention. In one embodi-
ment, this invention provides a kit comprising a vector of this
invention.

In one embodiment, the vector in the kits of this invention
comprise an miRNA sequence of interest flanked by restric-
tion endonuclease sites, which are flanked by splice donor
and splice acceptor sequences. In one embodiment, according
to this aspect, the miRNA specifically inactivates firefly
luciferase gene expression. In one embodiment, the miRNA
comprises a sequence corresponding to, or homolgous to
SEQ ID NO: 1, or in one embodiment, the vector comprises a
nucleotide sequence corresponding to SEQ ID NO: 3. In one
embodiment, according to this aspect, the kit further com-
prises restriction endonucleases, which are capable of spe-
cifically cleaving such sites.

In one embodiment, this invention provides a method of
producing an animal genetically inactivated for a coding
sequence, the method comprising:

a. contacting an embryonic stem cell with a vector as herein

described;

b. injecting the embryonic stem cell in (a) to a blastocyst of
said animal; and

c. obtaining an animal in (b) expressing said vector

whereby, following Cre-mediated recombination in the
animal, the miRNA agent is expressed and reduces
expression of the coding sequence, thereby being a
method of producing an animal genetically inactivated
for a coding sequence.

In one embodiment, the second selectable marker is
expressed in a plurality of cells of said animal following
Cre-mediated recombination, or in another embodiment, the
first selectable marker is lost in a plurality of cells of said
animal, following Cre-mediated recombination. In another
embodiment, Cre-mediated recombination is tissue-specific
in said animal.

In another embodiment, this invention provides a method
of conditionally reducing expression of a coding sequence in
atarget cell, the method comprising contacting the target cell
with a vector comprising:

a. a first pair of loxP sequences, inverted in orientation,

with respect to each other;

b. a first nucleic acid encoding a first selectable marker in
sense orientation, wherein said nucleic acid is posi-
tioned between said first pair of loxP sequences;

c. a second nucleic acid encoding a second selectable
marker, fused in frame to an miRNA sequence of interest
in antisense orientation, said miRNA sequence of inter-
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est being flanked by splice donor and splice acceptor
sequences, said second nucleic acid is positioned
between said first pair of loxP sequences, and said sec-
ond nucleic acid is 3' with regard to said first nucleic
acid;

d. a second pair of loxP sequences, inverted in orientation,
with respect to each other, wherein said first loxP
sequenced of said second pair is positioned between said
first and said second nucleic acid, and said second loxP
sequence in said second pairis positioned 3' with respect
to said first pair of loxP sequences, and said second pair
of loxP sequences differs from that of said first pair of
loxP sequences.

In one embodiment, according to this aspect of the inven-
tion, the cell is engineered to express a Cre recombinase, or in
another embodiment, the cell endogenously expresses a Cre
recombinase. In one embodiment, the target cell is contacted
with said vector in vivo, in vitro or ex-vivo, and in one
embodiment, contact is in vivo, and the Cre recombinase is
expressed at specific times during development.

In one embodiment, the miRNA specifically inactivates
firefly luciferase gene expression and the method further
comprises excising said miRNA which specifically inacti-
vates firefly luciferase gene expression and inserting a second
miRNA which specifically inactivates a gene of interest.

In another embodiment, the vector further comprises a
second miRNA sequence of interest in antisense orientation
fused to the miRNA sequence of interest. According to this
aspect, and in one embodiment, the second miRNA sequence
of interest modulates expression of a gene whose activity is
cooperative with that of a gene modulated by said first
miRNA sequence of interest, or in another embodiment, the
second miRNA sequence of interest modulates expression of
agene whose activity antagonizes that of a gene modulated by
the first miRNA sequence of interest. In one embodiment, the
first and second miRNA sequence of interest regulate expres-
sion of a tumor suppressor.

In another embodiment, the vector further comprises a
third nucleic acid in antisense orientation, positioned
between the first pair of loxP sequences, wherein said third
nucleic acid encodes a protein of interest. According to this
aspect, and in one embodiment, the third nucleic acid encodes
an oncogene.

According to this aspect, and in another embodiment, the
first miRNA sequence of interest specifically interacts with a
sequence encoding an endogenous form of the protein of
interest, and in one embodiment, the endogenous form is
associated with a disease or disorder in the host.

In another embodiment, this invention provides a non-
human animal with reduced expression of a coding sequence,
wherein reduced expression is produced according to a
method of this invention.

In another embodiment, this invention provides a mamma-
lian cell with reduced expression of a coding sequence,
wherein reduced expression is produced according to a
method of this invention.

In another embodiment, this invention provides a method
of assessing neoplasia in an animal model, said method com-
prising:

i. contacting a target cell in a subject animal with a vector

comprising:

first pair of loxP sequences, inverted in orientation, with
respect to each other;

a first nucleic acid encoding a first selectable marker in
sense orientation, wherein said nucleic acid is posi-
tioned between said first pair of loxP sequences;
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a second nucleic acid encoding a second selectable
marker, fused in frame to an miRNA sequence of
interest with a suspected role in neoplasia or suppres-
sion thereof in antisense orientation, said miRNA
sequence of interest being flanked by splice donorand
splice acceptor sequences, said second nucleic acid is
positioned between said first pair of 1oxP sequences,
and said second nucleic acid is 3' with regard to said
first nucleic acid;

second pair of loxP sequences, inverted in orientation,
with respect to each other, wherein said first loxP
sequenced of said second pair is positioned between
said first and said second nucleic acid, and said second
loxP sequence in said second pair is positioned 3' with
respect to said first pair of loxP sequences, and said
second pair of loxP sequences differs from that of said
first pair of loxP sequences; and

il. evaluating neoplasia or development thereof in said

animal;

whereby said method assesses development of neoplasia or

suppression thereof in said subject animal as opposed to

a control subject.

In some embodiments, the Cre recombinase is expressed in
a cell- or tissue-specific manner.

In some embodiments, the first pair of loxP sequences
comprises the wildtype sequence, and in some embodiments,
the second pair of loxP sequences comprises a mutated loxP.
In some embodiments, the first pair of loxP sequences com-
prises the loxP 5171 sequence and in some embodiments, the
second pair of loxP sequences comprises the loxP 2272
sequence.

In some embodiments, the vector comprises a first regula-
tory sequence operatively linked to said second nucleic acid
and said regulatory sequence is in antisense orientation and in
some embodiments, the first regulatory sequence is a Ubiq-
uitinC promoter sequence. In some embodiments, the vector
further comprises a second regulatory sequence, located 5' to
said first regulatory sequence, wherein said second regulatory
sequence is in sense orientation.

In some embodiments the vector further comprises a
Bovine Growth Hormone polyadenylation signal positioned
3'to said second pair of loxP sites and in some embodiments,
the vector further comprises a modified U3 LTR positioned 5'
to said polyadenylation signal. In some embodiments, the
first regulatory sequence is tissue specific or in some embodi-
ments, the first regulatory sequence is inducible.

In some embodiments, the miRNA agent is an shRNA.

In some embodiments, the miRNA specifically inactivates
p53 or PTEN gene expression.

In some embodiments, the vector further comprises a sec-
ond miRNA sequence of interest in antisense orientation
fused to the miRNA sequence of interest. In some embodi-
ments, the second miRNA sequence of interest modulates
expression of a gene whose activity is cooperative with that of
a gene modulated by said first miRNA sequence of interest. In
some embodiments, the first and second miRNA sequence of
interest regulate expression of a tumor suppressor.

In some embodiments, the first miRNA sequence of inter-
est specifically inactivates one of p53 or PTEN gene expres-
sion and said second miRNA sequence of interest specifically
inactivates the other.

In some embodiments, the vector comprises a sequence
corresponding to or homologous to SEQ ID No: 27.

In some embodiments, the second miRNA sequence of
interest modulates expression of a gene whose activity
antagonizes that of a gene modulated by said the miRNA
sequence of interest.
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In some embodiments, the second nucleic acid encodes an
oncogene.

In some embodiments, the vector comprises a third nucleic
acid in antisense orientation, positioned between the first pair
of'loxP sequences, wherein the third nucleic acid encodes a
protein of interest.

In some embodiments, the third nucleic acid encodes an
miRNA specifically inactivating a tumor suppressor.

In some embodiments, the third nucleic acid encodes an
miRNA specifically inactivating p53, PTEN or a combination
thereof.

In some embodiments, the vector comprises a nucleic acid
sequence corresponding to or homologous to SEQ ID NO: 21.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts one embodiment of the organization and
expression of constructs of this invention. A. Shematic rep-
resentation of an embodiment of the pFLIP inserts of this
invention. Two pairs of mutated loxP sites and their orienta-
tion are depicted, as well as the positioning of the positioning
of the selectable marker sequences and miRNA sequence,
with respect thereto. Schematic shows elements prior to and
following Cre-mediated recombination. B. Schematic depic-
tion of differences in the pLLB2 versus pL.B vector. C. Sche-
matic depiction of MSCV and pLLB2 constructs.

FIG. 2A depicts placement of the miR30 in an artificial
intron by flanking the miR30 with consensus splice donor and
splice acceptor sequences (in red) (SEQ ID NO: 28). FIG. 2B
is a schematic depiction of the FLIP vector comprising an
miRNA in an intron.

FIG. 3 demonstrates efficient intron splicing from the vec-
tor assayed by reverse transcription of cellular mRNA and
subsequent PCR, compared to PCR of genomic DNA. The
PCR amplified only the transcript derived from the vectors
that have been reversed by Cre activity. As is evident from the
gel, in constructs without the intron, band sizes are similar,
however in constructs with the intron, the band is significantly
smaller than that of genomic DNA (genomic amplifies as
doublet, an irrelevant finding).

FIG. 4 demonstrates results of FACS analysis of constructs
exposed to Cre, for GFP+ cells (all equal number of GFP+
cells). Numbers are Mean Fluorescent Intensity. The Figure
indicates that inclusion of the intron increased expression.

FIG. 5 demonstrates results of FACS analysis for alpha-4
integrin surface expression in DC2.4 cells transduced with a
vector comprising a miR30 targeting the integrin, with and
without Cre. Cre-mediated reduction of expression was
roughly 6-fold.

FIG. 6 schematically depicts the generation of mice trans-
genic for the vectors of this invention, with tissue-specific
expression of such constructs. Embryonic Stem cells that
express Cre from the VEGF-R2 (Flk1) locus, which turns on
Cre expression about embryonic day 8 are infected with a
vector of this invention and selected with puromycin. Using
tetraploid complementation, the vector-infected ES cells are
injected to blastocysts to generate embryos derived exclu-
sively from the transduced ES cells. Fluorescence in the fig-
ure is background fluorescence, not Cre regulated.

FIG. 7 demonstrates GFP expression in the yolk sacs of
e8.5 embryos representing “blood islands”, which are endot-
helial precursor cells and express Flk1 (and hence Cre) about
1 day before embryos were removed.

FIG. 8 demonstrates fluorescence in embryos derived at
stage €9.5 from adult pL.B2-FLIP transgenic males crossed to
Mox-Cre females. Mox-Cre is expressed very early in
embryos (e2 or e3). Embryos inheriting both the p.B2 vector
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and Cre exhibited GFP+ throughout (panel 1), as compared to
embryos lacking Cre (panel 2).

FIG. 9 presents multiple gene knockdowns. 9A schemati-
cally depicts how the miR30s can be concatamerized to
knockdown more than 1 gene with a single vector. FIG. 9B
demonstrates immunoblot results of targeted knockdown of
p53 and PTEN tumor suppressors using the scheme of FIG.
9A. FIGS. 9C and 9D demonstrate Northern blot results of
targeted knockdown of p53 and PTEN tumor suppressors.
FIG. 9E is a schematic depiction of a pFLIP construct in
which GFP was replaced with the oncogene c-Myec. FIG. 9F
demonstrates immunoblot results of Cre-regulated expres-
sion of a c-Myc transgene. c-Myc expression was combined
with targeted knockdown of p53, or PTEN expression, or
pS3/PTEN expression in an intron, which in turn allowed for
the examination of oncogene-tumor suppressor interactions.

FIG. 10A plots results of a FACS analysis of PBLs detect-
ing changes in surface marker expression following knock-
down. FIG. 10B presents immunoblots of spleen cells from
mice reconstituted with Cre-ER donor marrow infected with
FLIP vector puro2 AGFP/Thyl.1+miRNA(s). Lane 1—FF
Iuc knockdown, 2-p53 KD, 3—PTEN KD, 4-p53/PTEN KD.
FIG. 10C is a photograph of tails of siblings of Lenti FLIP-
p53 transgenic mouse crosses to Mox-Cre (early embryonic
Cre). FIG. 10D plots the percent GFP positive B cells in
doxorubicin treated versus untreated B cells in progeny of
Lenti FLIP-p53 transgenic crossed to Tie2-Cre (hematopietic
Cre).

FIG. 11A plots results of a FACS analysis showing spleen
and lymph node marker expression, from mice reconstituted
with CD19-Cre (B cell Cre) donor marrow infected with FLIP
vector puro2AGFP/c-Myc+miR-p53. Results are of samples
isolated fourteen weeks post-transfer. FIG. 11B shows immu-
noblot results of the spleen and lymph node cells probed for
c-Myc expression.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides, in one embodiment, con-
structs and enhanced methods for conditionally reducing
expression of a coding sequence in a cell or animal, compris-
ing contacting the cell with a vector comprising a first select-
able marker in sense orientation, and a second selectable
marker fused in frame to an miRNA sequence, in antisense
orientation, wherein the miRNA sequence is flanked by splice
donor and acceptor sequences, and wherein the marker
sequences are flanked by two pairs of loxP sites, which sites
are initially inverted in orientation, in cells capable of
expressing a Cre recombinase.

Conditionally reduced expression of a coding sequence
was demonstrated herein, with the use of a retroviral vector
pLB2, which comprises, in some embodiments, a first pair of
loxP sequences, inverted in orientation, with respect to each
other, a first nucleic acid encoding a first selectable marker in
sense orientation, wherein the first nucleic acid is positioned
between the first pair of 1oxP sequences, a second nucleic acid
encoding a second selectable marker, fused in frame to an
miRNA sequence of interest in antisense orientation, wherein
the second nucleic acid is positioned between the first pair of
loxP sequences, and the second nucleic acid is 3' with regard
to the first nucleic acid, a second pair of loxP sequences,
inverted in orientation, with respect to each other. The first
loxP sequence of the second pair is positioned between the
first and second nucleic acid, and the second loxP sequence of
the second pair is positioned 3' with respect to the first pair of
loxP sequences, and the second pair of loxP sequences differs
from that of said first pair of loxP sequences. In addition, the
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miRNA sequence of interest is flanked by splice donor and
acceptor sites, to comprise an artificial intron.

FIG. 3 demonstrates one embodiment of a pLB2 vector of
this invention, showing splicing of the intron, and FIG. 4
shows greater expression of the sequence when flanked by
splice donor and acceptor sites, following Cre expression.
FIG. 5 demonstrates about a 6-fold knockdown of c4-integrin
expression in DC2.4 cells transduced with pLLB2, upon
expression of Cre.

In one embodiment, this invention provides a method of
conditionally reducing expression of a coding sequence in a
target cell, said method comprising contacting said target cell
with a vector comprising: contacting the target cell with a
vector comprising:

a. a first pair of loxP sequences, inverted in orientation,

with respect to each other;

b. a first nucleic acid encoding a first selectable marker in
sense orientation, wherein said nucleic acid is posi-
tioned between said first pair of loxP sequences;

c. a second nucleic acid encoding a second selectable
marker, fused in frame to an miRNA sequence of interest
in antisense orientation, said miRNA sequence of inter-
est being flanked by splice donor and splice acceptor
sequences, said second nucleic acid is positioned
between said first pair of loxP sequences, and said sec-
ond nucleic acid is 3' with regard to said first nucleic
acid;

d. a second pair of loxP sequences, inverted in orientation,
with respect to each other, wherein said first loxP
sequenced of said second pair is positioned between said
first and said second nucleic acid, and said second loxP
sequence in said second pairis positioned 3' with respect
to said first pair of loxP sequences, and said second pair
of loxP sequences differs from that of said first pair of
loxP sequences.

In one embodiment, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid to
which it has been linked. In one embodiment, the vector is a
genomic integrated vector, or “integrated vector”, which can
become integrated into the chromsomal DNA of the host cell.
In another embodiment, the vector is an episomal vector, i.e.,
anucleic acid capable of extra-chromosomal replication in an
appropriate host, such as, for example a eukaryotic host cell.
The vector according to this aspect of the present invention
may be, in other embodiments, a plasmid, a bacmid, a
phagemid, a cosmid, a phage, a virus or an artificial chromo-
some.

A nucleic acid of the present invention will generally con-
tain phosphodiester bonds in one embodiment, or in another
embodiment, nucleic acid analogs are included, that may
have alternate backbones, comprising, for example, phos-
phoramide (Beaucage et al., Tetrahedron 49(10):1925 (1993)
and references therein; Letsinger, J. Org. Chem. 35:3800
(1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977);
Letsinger etal., Nucl. Acids Res. 14:3487 (1986); Sawai et al,
Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc.
110:4470 (1988); and Pauwels et al., Chemica Scripta 26:141
91986)), phosphorothioate, phosphorodithioate, O-meth-
ylphosphoroamidite linkages (see Eckstein, Oligonucle-
otides and Analogues: A Practical Approach, Oxford Univer-
sity Press), and peptide nucleic acid backbones and linkages
(see Egholm, J. Am. Chem. Soc. 114:1895 (1992); Meier et
al., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature,
365:566 (1993); Carlsson et al., Nature 380:207 (1996), all of
which are incorporated by reference). These modifications of
the ribose-phosphate backbone or bases may be done to facili-
tate the addition of other moieties such as chemical constitu-
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ents, including 2'O-methyl and 5' modified substituents, or to
increase the stability and half-life of such molecules in physi-
ological environments.

The nucleic acids may be single stranded or double
stranded, or contain portions of both double stranded or single
stranded sequence. The nucleic acid may be DNA, both
genomic and cDNA, RNA or a hybrid, where the nucleic acid
contains any combination of deoxyribo- and ribo-nucle-
otides, and any combination of bases, including uracil,
adenine, thymine, cytosine, guanine, inosine, xathanine and
hypoxathanine, etc. Thus, for example, chimeric DNA-RNA
molecules may be used such as described in Cole-Strauss et
al., Science 273:1386 (1996) and Yoon et al., PNAS USA
93:2071 (1996).

The vectors of this invention comprise, inter alia, an
miRNA agent specific for a coding sequence.

The term “miRNA agent” refers, in one embodiment, to an
agent that modulates expression of a target gene by an RNA
interference mechanism. Micro-RNAs are a very large group
of'small RNAs produced naturally in organisms, which in one
embodiment, regulates the expression of target genes. Found-
ing members of the micro-RNA family are let-7 and lin-4.
The let-7 gene encodes a small, highly conserved RNA spe-
cies that regulates the expression of endogenous protein-
coding genes during worm development. The active RNA
species is transcribed initially as an ~70 nt precursor, which is
post-transcriptionally processed into a mature ~21 nt form.
Both let-7 and lin-4 are transcribed as hairpin RNA precur-
sors, which are processed to their mature forms by Dicer
enzyme.

In one embodiment the miRNA agent comprises double-
stranded RNA, which can form a hairpin structure. The
miRNA agents employed, in another embodiment, are small
ribonucleic acid molecules, or oligoribonucleotides, that are
present in duplex structures, such as, in one embodiment, two
distinct oligoribonucleotides hybridized to each other, or in
another embodiment, a single ribooligonucleotide that
assumes a hairpin structure to produce a duplex structure.

In one embodiment, miRNA agent does not exceed about
100 nt in length, and typically does not exceed about 75 nt
length, where the length in certain embodiments is less than
about 70 nt. In one embodiment, the miRNA agent of this
invention has alength about 15 to 40 bp, or in another embodi-
ment, about 20 and 29 bps, or in another embodiment, 25 and
35 bps, or in another embodiment, about 20 and 35 bps, or in
another embodiment, about 20 and 40 bps, or in another
embodiment, 21 bp, or in another embodiment, 22 bp.

In one embodiment, the nucleic acids/oligonucleotides
comprising the miRNA agent may be synthesized on an
Applied Bio Systems oligonucleotide synthesizer according
to specifications provided by the manufacturer. In another
embodiment, the nucleic acids/oligonucleotides or modified
oligonucleotides may be synthesized by any number of
means as is generally known in the art, and as is described
hereinbelow.

In one embodiment, the miRNA agent encodes an interfer-
ing ribonucleic acid. In one embodiment, the miRNA agent is
a transcriptional template of the interfering ribonucleic acid.
According to this aspect of the invention, and in one embodi-
ment, the transcriptional template is typically a DNA that
encodes the interfering ribonucleic acid. The DNA may be
present in a vector, such as, and in one embodiment, a plasmid
vector, or in another embodiment, a viral vector, or any other
vector, as will be known to one skilled in the art.

In one embodiment, the term “coding sequence” refers to a
nucleic acid sequence that “encodes” a particular polypeptide
or peptide. In one embodiment, the coding sequence is a
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nucleic acid sequence that is transcribed (in the case of DNA)
and is translated (in the case of mRNA) into a polypeptide in
vitro or in vivo when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence
are determined by a start codon at the 5' (amino) terminus and
atranslation stop codon at the 3' (carboxy) terminus. A coding
sequence can include, but is not limited to, cDNA from pro-
caryotic or eukaryotic mRNA, genomic DNA sequences from
procaryotic or eukaryotic DNA, and even synthetic DNA
sequences. A transcription termination sequence will usually
be located 3' to the coding sequence.

In one embodiment the term “coding sequence”, includes
DNA sequences that encode a polypeptide, as well as DNA
sequences that are transcribed into inhibitory antisense mol-
ecules.

In one embodiment, the term “reducing expression”, as it
refers to vectors and their use according to the methods of this
invention, refers to a diminishment in the level of expression
of' a gene when compared to the level in the absence of the
miRNA agent.

In one embodiment, reduced expression may be affected at
the transcriptional or translational level, or a combination
thereof. In one embodiment, this invention provides vectors
and methods for greater reduction of expression of a coding
sequence, as a consequence of greater expression of the
miRNA sequence, greater stability of the miRNA sequence,
or a combination thereof.

According to this aspect of the invention, reduced expres-
sion using the vectors, and/or according to the methods of this
invention, is specific. In one embodiment, the reduction in
expression is via an ability to inhibit a target gene without
manifest effects on other genes of the cell. The consequences
of inhibition can be confirmed, in other embodiments, by
examination of the outward properties of the cell or organism
or by biochemical techniques such as RNA solution hybrid-
ization, nuclease protection, Northern hybridization, gene
expression monitoring with a microarray, antibody binding,
enzyme linked immunosorbent assay (ELISA), Western blot-
ting, radioimmunoassay (RIA), other immunoassays, and
fluorescence activated cell analysis (FACS).

In one embodiment, the miRNA agent is an shRNA, which
specifically inactivates p53, alpha-4 integrins, or others, as
exemplified and described herein.

In one embodiment, the vectors and methods of utilizing
the same for reducing expression of a target gene may result
in inhibition of target gene expression of greater than 10%,
33%, 50%, 75%, 80%, 85%, 90%, 95% or 99% as compared
to a cell subjected to a vector as herein described.

It is to be understood that the term vector refers to any
vector as herein described, or any variation thereof, compris-
ing an element of such a vector as herein described, as will be
appreciated to one skilled in the art. For example, and in some
embodiments, the term vector may be considered to comprise
a pLB, pLB2, MSCV or pFLIP vector, or components
thereof.

In one embodiment, this invention provides for a method of
conditionally reduced expression of a coding sequence in a
target cell. In one embodiment, the term “conditionally
reduced expression” refers to the flexibility inherent in the
methods/vectors of this invention, which enable regulation of
reducing expression of a coding sequence in a target cell. In
one embodiment, reducing expression via the vectors/meth-
ods of this invention is controlled over time, or in a cell or
tissue-specific manner, such that production of the miRNA
agent is not constant.

Expression of the miRNA agent within a target cell, in one
embodiment of this invention, takes advantage of a lox/cre
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system. In one embodiment, miRNA agent expression is
dependent upon the presence of a Cre recombinase. Accord-
ing to this aspect of the invention, Cre recombinase inverts the
second nucleic acid from antisense to sense orientation, such
that a functional miRNA agent is expressed, and whereby
splicing of the miRNA occurs, uncoupling miRNA from
reporter expression, in some embodiments.

In one embodiment, the cre recombinase, is derived from a
P1 bacteriophage (Abremski and Hoess, J. Biol. Chem. 259
(3):1509-1514 (1984)) which acts on a specific 34 base pair
DNA sequence known as “loxP” (locus of crossover), which
is, in turn, comprised of two 13 base pair inverted repeats
(serving as the recombinase binding sites) flanking an 8 base
pair core sequence (Current Opinion in Biotechnology 5:521-
527 (1994). Cre catalyzes the rearrangement of DNA
sequences that contain loxP sites. Recombination between
two loxP sites (catalyzed by the cre protein) causes, in certain
cases, the loss of sequences flanked by these sites [for a
review see N. Kilby et al, Trends Genet., 9:413-421 (1993)].

In one embodiment, the cre recombinase, is expressed in
hematopoietic cells, for example, as described in Zhang C C,
et al. Nat. Med. 2006 February; 12(2):240-5. In some
embodiments, Cre is estrogen, or estrogen agonist or antago-
nist induced, for example as described in Hayashi S, McMa-
hon AP. Dev Biol. 2002 Apr. 15; 244(2):305-18. It is to be
understood that any Cre Recombinase, or other appropriate
recombinase, which can generate the desired expressed prod-
ucts of the vectors of' this invention are to be considered a part
of this invention.

In some embodiments, the loxP WT has a sequence as
follows:

ATAACTTCGTATAGCATACATTATACGAAGTTAT (SEQ ID NO:11)

In some embodiments, this invention utilizes two sets of
loxP sites, whose sequences differ. In one embodiment, one
pair of the loxP sites may be WT, while the other may be
mutated, or in another embodiment, both are mutated.

In one embodiment, mutated 1oxP sites inclusive of any
known in the art, or homologues thereof may be employed in
the constructs, materials and/or methods of this invention, for
example, mutant sequences exemplified by loxP2272,
loxP5171, 10xP2271, loxP3171, 10xP5272 or 1oxP5372 as
described in Lee et al., Gene, 216:55-65 (1998).

In one embodiment, the 1oxP sets are oriented initially with
inverted orientation, such that regions of the vector undergo
inversion, following exposure to a Cre-recombinase. Follow-
ing such inversion, one of the pairs of loxP sites are co-
aligned, thus in the presence of a Cre-recombinase, excision
can occur.

In one embodiment, the two pairs of loxP sites are chosen
0 as to minimize recombination therebetween, as exempli-
fied herein.

Cre works in simple buffers, such as, in one embodiment,
with magnesium or, in another embodiment, spermidine as a
cofactor, as is well known in the art. The DNA substrates
acted on by Cre may be, in one embodiment, in linear, or, in
another embodiment, in a supercoiled configuration.

In one embodiment, the Cre sequence is as that described in
N. Sternberg et al, J. Mol. Biol., 187:197-212 (1986). In
another embodiment, the Cre recombinase may be obtained
from commercial sources (for example from Novagen, Cata-
log No. 69247-1).

In one embodiment, cre recombinase will be expressed in
a target cell of this invention. In another embodiment, the

25

30

35

40

45

50

55

60

65

12

target cell will be engineered to express Cre by any means as
will be known to one skilled in the art.

In one embodiment, the terms “homology”, “homologue”
or “homologous”, refer to a, which exhibits, in one embodi-
ment at least 70% correspondence with the indicated
sequence. In another embodiment, the sequence exhibits at
least 72% correspondence with the indicated sequence. In
another embodiment, the sequence exhibits at least 75% cor-
respondence with the indicated sequence. In another embodi-
ment, the sequence exhibits at least 80% correspondence with
the indicated sequence. In another embodiment, the sequence
exhibits at least 82% correspondence with the indicated
sequence. In another embodiment, the sequence exhibits at
least 85% correspondence with the indicated sequence. In
another embodiment, the sequence exhibits at least 87% cor-
respondence with the indicated sequence. In another embodi-
ment, the sequence exhibits at least 90% correspondence with
the indicated sequence. In another embodiment, the sequence
exhibits at least 92% correspondence with the indicated
sequence. In another embodiment, the sequence exhibits at
least 95% or more correspondence with the indicated
sequence. In another embodiment, the sequence exhibits at
least 97% correspondence with the indicated sequence. In
another embodiment, the sequence exhibits at least 99% cor-
respondence with the indicated sequence. In another embodi-
ment, the sequence exhibits 95%-100% correspondence with
the indicated sequence. Similarly, as used herein, the refer-
ence to a correspondence to a particular sequence includes
both direct correspondence, as well as homology to that
sequence as herein defined.

Homology, as used herein, may refer to sequence identity,
or may refer to structural identity, or functional identity. By
using the term “homology” and other like forms, it is to be
understood that any molecule, that functions similarly, and/or
contains sequence identity, and/or is conserved structurally so
that it approximates the reference sequence, is to be consid-
ered as part of this invention. Homology may be determined
in the latter case by computer algorithm for sequence align-
ment, by methods well described in the art. For example,
computer algorithm analysis of nucleic acid sequence homol-
ogy may include the utilization of any number of software
packages available, such as, for example, the BLAST,
DOMAIN, BEAUTY (BLAST Enhanced Alignment Utility),
GENPEPT and TREMBL packages.

An additional means of determining homology is via deter-
mination of candidate sequence hybridization, methods of
which are well described in the art (See, for example, Nucleic
Acid Hybridization, Hames and Higgins, Eds. (1985);
Molecular Cloning, Sambrook and Russell, eds. (2001), and
Current Protocols in Molecular Biology, Ausubel et al. eds,
1989). For example, methods of hybridization may be, in one
embodiment, carried out under moderate to stringent condi-
tions, to the complement of a DNA encoding a native peptide
or protein of interest. Hybridization conditions may be, for
example, overnight incubation at 42° C. in a solution com-
prising: 10-20% formamide, 5xSSC (150 millimolar (mM)
NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate
(pH 7.6), SxDenhardt’s solution, 10% dextran sulfate, and 20
micrograms (ug)/milliliter (ml) denatured, sheared salmon
sperm DNA. Each method represents a separate embodiment
of'the present invention. In some embodiments, this invention
provides a nucleic acid or a vector or composition or cell
comprising the same, with a sequence corresponding to or
homologous to any of those set forth in SEQ ID NO: 1-27.

In another embodiment, mutated loxP sites, may be
employed in the vectors and/or methods of this invention.
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In one embodiment of this invention, a modified pL.B vec-
tor was constructed, resulting in greater expression, the vector
being schematically depicted in FIG. 1B, and referred to
herein as pLB2.

In this embodiment of the modified vector (pLB2), the
promoter driving the RNA genome was derived from. The
packaging signal (Psi), central polypurine tract (cPPT), anti-
repressor (Element #40) and scaffold attached region (SAR)
were similar to those used in previously described pL.B vec-
tors, representing one embodiment of the invention.

In one embodiment, the pL.LB2 has an internal Ubiquitin-C
promoter, driving expression of the FLIP cassette. The FLIP
cassette maintains GFP-miR30, or other miR30 fused
sequences as herein described in the antisense orientation
until reversed by Cre activity.

In some embodiments, pL.LB2 comprises a modified 3'LTR,
as well. In some embodiments, such modification comprises
deletions ofthe U3 to produce self-inactivating vectors (SIN).
In some embodiments, pL.LB2 will comprise from ~200 to a
~420 nucleotide deletion, or in some embodiments, up to the
minimum required for integration (~25 nt) and another 20 nt
that significantly improved polyadenylation of the integrated
viral transcript.

In some embodiments, these untranslated regions aid in
protecting the miRNA from rapid breakdown.

In some embodiments, pL.B2 will comprise a Bovine
Growth Hormone Polyadenylation signal. In another embodi-
ment, the Bovine Growth Hormone polyadenylation signal is
positioned 3' to the second pair of loxP sites.

In some embodiments of this invention, pLLB2, or the vec-
tors/compositions/kits of this invention comprise, and meth-
ods make use of splice donor and splice acceptor sequences
flanking at least one miR30, such that the miR30 is contained
within an artificial intron.

In some embodiments, such introns may comprise any
known in the art, whose use herein results in enhanced miR30
expression, following Cre exposure. In some embodiments, a
consensus sequence is utilized, as herein described. In some
embodiments, splice donor and acceptor sequences are opti-
mized to yield the greatest fold reduction in gene expression.

In some embodiments, the intron may comprise, or be
derived from the 2.0 kb LAT of Herpes Simplex Virus, type |
(HSV-1), strain 17. The sequence of this LAT is reported in
McGeoch et al, 1988, J. Gen. Virol., 69:1531-1574; the
sequence of the 2.0 kb LAT of HSV-1 strain F is reported in
Spivak et al, 1991, J. Virol., 65:6800-6810, both of which are
incorporated by reference herein.

In some embodiments, the splice donor sequence, is
located 5'to the miR30 in the constructs of this invention, may
span from about 2 to about 25 nucleotides, and the splice
acceptor sequence, located 3' to the miR30 in the constructs of
this invention, may span from about 2 to about 25 nucleotides.
Corresponding sequences may be obtained from other introns
by conventional methods which follow the teachings herein.

In some embodiments, the miR30 will be flanked by
restriction endonuclease sites, which in turn are flanked by
the splice donor and splice acceptor sequences, respectively.
In some embodiments, such restriction endonuclease sites
allow for the ready exchange of miR30 sequences in a given
vector/construct of this invention.

In some embodiments, the constructs/kits/compositions of
this invention may comprise and methods make use of the
same, whereby such constructs comprise one or more introns,
or hybrids thereof. In one embodiment, multiple miR30s may
be flanked by multiple introns and attached in tandem, or in
some embodiments, an intron may be optimized, derived
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from two or more native introns, whereby expression for a
particular tissue or sequence is optimally derived.

In some embodiments, the term “intron” as used herein,
refers to a non-coding nucleotide sequence of varying length,
normally present within many eukaryotic genes, which is
removed from a newly transcribed mRNA precursor by the
process of splicing. In general, the process of splicing
requires that the 5' and 3' ends of the intron be correctly
cleaved and the resulting ends of the mRNA be accurately
joined, such that a mature mRNA having the proper reading
frame for protein synthesis is produced.

Introns have highly conserved sequences at or near each
end of the intron which are required for splicing and intron
removal. In some embodiments, the term “splice donor site”
or “SD” or “5' splice site” refers to the conserved sequence
immediately surrounding the exon-intron boundary at the 5'
end of the intron, where the exon comprises the nucleic acid
5'to the intron. In some embodiments, the term “splice accep-
tor site” or “SA” or “3' splice site” herein refers to the
sequence immediately surrounding the intron-exon boundary
at the 3' end of the intron, where the exon comprises the
nucleic acid 3' to the intron. In some embodiments, the term
“intron” refers to a nucleic acid comprising a splice donor site
and a splice acceptor site including intervening sequences,
such as an miRNA as herein described and the presence of
restriction endonuclease sites. Many splice donor and splice
acceptor sites have been characterized and Ohshima et al., J.
Mol. Biol., 195:247-259 (1987) provides a review of these.
Examples of efficient splice donor sequences include the wild
type (W) ras splice donor sequence and the GAC:GTAAGT
(SEQ ID NO: 12) sequence. In some embodiments, the splice
donor site is a “consensus splice donor sequence” and in some
embodiments, the splice acceptor site is a “consensus splice
acceptor sequence”; these consensus sequences are evolu-
tionarily highly conserved. The consensus sequences for both
splice donor and splice acceptor sites in the mRNAs of higher
eukaryotes are shown in Molecular Biology of the Cell,
3.sup.rd edition. Alberts et al. (eds.), Garland Publishing,
Inc., New York, 1994, on page 373, FIG. 12-53. The consen-
sus sequence for the 5' splice donor site is C/A (C or A)
AG:GUAAGU (wherein the colon denotes the site of cleav-
age and ligation) (SEQID NO: 13). The 3' splice acceptor site
occurs within the consensus sequence (U/C).sub.1 INCAG:G
(SEQ ID NO: 14). Other efficient splice donor and acceptor
sequences can be readily determined using the techniques for
measuring the efficiency of splicing.

In some embodiments, such introns used in the vectors/
kits/compositions/methods of this invention provide a splic-
ing efficiency of at least about 75%, or in another embodi-
ment, at least about 80%, or in another embodiment, at least
about 85%, or in another embodiment, at least about 90%, or
in another embodiment, at least about 95%.

In some embodiments, the term “about” when in reference
to a value as described herein is to be understood to encom-
pass the indicated value +/-1%, or in some embodiments,
+/-3%, or in some embodiments, +/3%, or in some embodi-
ments, +/-5%, or in some embodiments, +/-7%, or in some
embodiments, +/-10%, or in some embodiments, +/-15%, or
in some embodiments, +/-20%, or in some embodiments,
+/-25%.

Intron splicing efficiency is readily determined by quanti-
fying the spliced transcripts versus the full-length, unspliced
transcripts that contain the intron, using methods known in
the art such as by quantitative PCR or Northern blot analysis,
using appropriate probes for the transcripts. See, e.g., Sam-
brook et al., supra, and other general cloning manuals.
Reverse transcription-polymerase chain reaction (RT-PCR)
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can be used to analyze RNA samples containing mixtures of
spliced and unspliced mRNA transcripts. For example, fluo-
rescent-tagged primers designed to span the intron are used to
amplify both spliced and unspliced targets. The resultant
amplification products are then separated by gel electro-
phoresis and quantitated by measuring the fluorescent emis-
sion of the appropriate band(s). A comparison is made to
determine the amount of spliced and unspliced transcripts
present in the RNA sample.

In some embodiments, this invention provides a vector
comprising any desired grouping of elements, which at least
consists of an miR30 and flanking splice donor and splice
acceptor sites, in antisense orientation, situated between two
sets of 1oxP sites as herein described, such that upon exposure
to a Cre recombinase, or other appropriate recombinase,
inversion and excision occurs and expression of the miR30 is
accomplished.

In some embodiments, such vectors/compositions/kits of
this invention may be said to consist essentially of at least one
miR30 contained within an artificial intron, wherein the
phrase “consist essentially of” is to convey that other
sequences may be incorporated into the vectors/composi-
tions/kits of this invention, including marker sequences, regu-
latory sequences, including promoter and enhancers, other
coding sequences, which may be in antisense orientation, and
juxtaposed between loxP sites as herein described, or such
sequences may be in sense orientation, and are Cre-indepen-
dent for their expression.

In one embodiment, the constructs of this invention will
comprise a promoter, operatively linked to the first nucleic
acid sequence encoding a selection marker. In one embodi-
ment, the term “promoter” refers to a nucleic acid sequence,
which regulates expression of a nucleic acid, operably linked
thereto. Such promoters are known to be cis-acting sequence
elements required for transcription as they serve to bind DNA
dependent RNA polymerase, which transcribes sequences
present downstream thereof.

The term “operably linked”, in one embodiment, refers to
a relationship permitting the sequences to function in their
intended manner. A vector comprising a regulatory sequence
“operably linked” to a coding sequence is ligated in such a
way that expression of the nucleic acid sequence is achieved
under conditions compatible with the control sequences.
“Operably linked” refers, in some embodiments, to a juxta-
position of two or more components, wherein the components
so described are in a relationship permitting them to function
in their intended manner. For example, a promoter and/or
enhancer is operably linked to a coding sequence if it acts in
cis to control or modulate the transcription of the linked
sequence. Generally, but not necessarily, the DNA sequences
that are “operably linked” are contiguous and, where neces-
sary to join two protein coding regions or in the case of a
secretory leader, contiguous and in reading frame. However,
although an operably linked promoter is generally located
upstream of the coding sequence, it is not necessarily con-
tiguous with it. Enhancers do not have to be contiguous. An
enhancer is operably linked to a coding sequence if the
enhancer increases transcription of the coding sequence.
Operably linked enhancers can be located upstream, within or
downstream of coding sequences and at considerable dis-
tances from the promoter. A polyadenylation site is operably
linked to a coding sequence if it is located at the downstream
end of the coding sequence such that transcription proceeds
through the coding sequence into the polyadenylation
sequence. Linking is accomplished by recombinant methods
known in the art, e.g., using PCR methodology, by annealing,
or by ligation at convenient restriction sites. If convenient
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restriction sites do not exist, then synthetic oligonucleotide
adaptors or linkers are used in accord with conventional prac-
tice.

In one embodiment, the promoter will be an RNA poly-
merase Il promoter.

In one embodiment, a promoter, including an engineered
promoter used in the vectors and methods of this invention,
may be one known to confer cell-type specific expression of
a sequence operatively linked to thereto. For example, and in
one embodiment, a promoter specific for myoblast gene
expression can be operatively linked to an miRNA for a
coding sequence of interest, a reporter gene, or a coding
sequence of interest, to confer muscle-specific expression
thereof. Muscle-specific regulatory elements which are
known in the art include upstream regions from the dystro-
phin gene (Klamut et al., (1990) Mol. Cell Biol. 10:193), the
creatine kinase gene (Horlick and Benfield (1989) Mol. Cell
Biol. 9:2396; Buskin and Hauschka, (1989) Mol. Cell Biol.
9:2627) and the troponin gene (Mar and Ordahl, (1988) Proc.
Natl. Acad. Sci. USA. 85:6404).

In another embodiment, promoters used in the vectors and
methods of this invention, specific for other cell types known
in the art (e.g., the albumin enhancer for liver-specific expres-
sion; insulin regulatory elements for pancreatic islet cell-
specific expression; various neural cell-specific regulatory
elements, including neural dystrophin, neural enolase and A4
amyloid promoters) may be used, and represent an embodi-
ment of this invention. In another embodiment, a promoter or
regulatory element, which can direct constitutive expression
of a sequence operatively linked thereto, in a variety of dif-
ferent cell types, such as a viral regulatory element, may be
used. Examples of viral promoters commonly used to drive
gene expression include those derived from polyoma virus,
Adenovirus 2, cytomegalovirus and Simian Virus 40, and
retroviral LTRs.

In another embodiment, a regulatory element, which pro-
vides inducible expression of a gene linked thereto, may be
used. The use of an inducible promoter may allow, in another
embodiment, for an additional means of modulating the prod-
uct of the coding sequence in the cell. Examples of potentially
useful inducible regulatory systems for use in eukaryotic cells
include hormone-regulated elements (e.g., see Mader, S, and
White, J. H. (1993) Proc. Natl. Acad. Sci. USA 90:5603-
5607), synthetic ligand-regulated elements (see, e.g., Spen-
cer, D. M. et al 1993) Science 262:1019-1024) and ionizing
radiation-regulated elements (e.g., see Manome, Y. Et al.
(1993) Biochemistry 32:10607-10613; Datta, R. et al. (1992)
Proc. Natl. Acad. Sci. USA 89: 1014-10153). Additional tis-
sue-specific or inducible regulatory systems may be devel-
oped for use in accordance with the invention.

In another embodiment, the vector further comprises a first
regulatory sequence operationally linked to the first nucleic
acid, and being in an antisense orientation, which in one.
embodiment is a UbiquitinC promoter sequence. In another
embodiment, the vector further comprises a second regula-
tory sequence, located 5' to said first regulatory sequence,
wherein the second regulatory sequence is in a sense orien-
tation.

In one embodiment, the term “capable of expressing a Cre
recombinase” refers to a cell that endogenously expresses the
Cre recombinase, or in another embodiment, is engineered to
express a Cre recombinase.

In one embodiment, the cell is in a culture system, or in
another embodiment, in a body of a subject, or in another
embodiment, is ex-vivo cultured, and following transfection
or transduction with a vector of this invention, is reintroduced
to the subject from which the cell was taken. In one embodi-
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ment, the cell is a stem or progenitor cell. In another embodi-
ment, the cell is a mature, differentiated cell. In one embodi-
ment, the cell is a human cell in origin, or in another
embodiment, the cell is murine in origin.

In one embodiment, the terms “cells,” “host cells” or “tar-
get cells” are used interchangeably, and refer, in one embodi-
ment, not only to the particular subject cell but to the progeny
or potential progeny of such a cell. Because certain modifi-
cations may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not,
in fact, be identical to the parent cell, but are still included
within the scope of the term as used herein.

In another embodiment, the cell is a diseased cell. In one
embodiment, the cell is infected, or in another embodiment,
the cell is transformed or neoplastic. In another embodiment,
the cell is obtained from a subject with a disease whose
etiology is associated with a genetic mutation. In another
embodiment, the cell is obtained from a subject with a dis-
ease, where an inappropriate immune or inflammatory
response has been initiated.

In one embodiment, the target cell of any method of the
present invention may be a cancer cell or neoplastic cell.
“Neoplastic cell” refers, in one embodiment, to a cell whose
normal growth control mechanisms are disrupted (typically
by accumulated genetic mutations), thereby providing poten-
tial for uncontrolled proliferation. Thus, “neoplastic cell” can
include, in one embodiment, both dividing and non-dividing
cells. In one embodiment, neoplastic cells may include cells
of tumors, neoplasms, carcinomas, sarcomas, leukemias,
lymphomas, and others. In another embodiment, “neoplastic
cells” may include central nervous system tumors, such as,
for example brain tumors. These may include, in other
embodiments, glioblastomas, astrocytomas, oligodendro-
gliomas, meningiomas, neurofibromas, ependymomas,
schwannomas or neurofibrosarcomas. In another embodi-
ment, “neoplastic cells” can include either benign or malig-
nant neoplastic cells. In another embodiment, “neoplastic
cells” can include any other type of cancer known in the art.

In one embodiment, the target cell may be an infected cell.
In another embodiment, the target cell may be a pathogenic
cell. In another embodiment, the target cell may mediate
autoimmunity or another disease state. In another embodi-
ment, the target cell may comprise a mutated cellular gene
necessary for a physiological function. In one embodiment,
the mutated product results in disease in the subject. Accord-
ing to this aspect of the invention, the vectors/methods of this
invention may be employed to silence a defective gene, and
may further be followed by delivery of a wild-type copy of the
desired gene.

It is to be understood that any cell comprising a vector of
this invention, or utilized for the methods of this invention, is
to be considered as part of this invention, and represents an
embodiment thereof.

According to this aspect of the invention, and in one
embodiment, following Cre-mediated recombination in the
target cell, the miRNA agent is expressed and reduces expres-
sion of the coding sequence, thereby conditionally reducing
expression of a coding sequence in the target cell.

In another embodiment, the vector is a retroviral vector. In
one embodiment, the retroviral vector of this invention may
correspond to one as exemplified herein.

A retroviral or retrovirus vector, as used herein, is a vector,
which comprises at least one component part derivable from
a retrovirus. In one embodiment, the component part is
involved in the biological mechanisms by which the vector
infects cells, expresses genes or is replicated. The term
“derivable”, in one embodiment, refers to the fact that the
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sequence need not necessarily be obtained from a retrovirus
but instead could be derived therefrom. By way of example,
the sequence may be prepared synthetically or by use of
recombinant DNA techniques.

The retroviral vectors of this invention may be derived
from any member of the family of retroviridae.

In one embodiment, the vectors of this invention are len-
tivirus, and may be derived from any member of the family of
lentiviridae.

In one embodiment, the retroviral vectors of this invention
comprise sufficient retroviral genetic information to allow
packaging of an RNA genome, in the presence of packaging
components, into a viral particle capable of infecting a target
cell. In one embodiment, infection of the target cell includes
reverse transcription and integration into the target cell
genome. The retroviral vectors of this invention may carry, in
one embodiment, non-viral coding sequences which are to be
delivered by the vector to the target cell. In one embodiment,
the retroviral vectors of this invention are incapable of inde-
pendent replication to produce infectious retroviral particles
within the final target cell. In one embodiment, the retroviral
vectors of this invention will lack a functional gag-pol and/or
env gene and/or other genes essential for replication.

In some embodiments, the vectors of this invention may be
integrated into the genome (germ line) of a host mammal,
thereby forming a transgenic animal. In some embodiments,
such integration into the germ line is desired for the transmis-
sion of the construct to offspring, and thus, a strain of mam-
mals containing the constructs can be maintained, as exem-
plified in an embodiment herein.

Depending upon the characteristics of the miR30
employed, or the intron, for example, a variety of screening
procedures are available, which may comprise probe analy-
sis, nRNA analysis, enzyme analysis, functional assays, anti-
body screens and protein, carbohydrate and lipid analysis, to
ascertain, for example gene knockdown, or construct incor-
poration, as will be appreciated by one skilled in the art.

As exemplified herein, transgenic animals expressing the
constructs of this invention may be prepared, representing
another embodiment of the invention. In some embodiments,
such procedures entail injection of the constructs into early
embryos, which may be accomplished by means well known
in the art, for example, embryos are placed in a drop of
medium (see Quinn, J. Reprod. Fert. 66:161-168 (1982) the
disclosure of which is incorporated by reference). The drop of
medium is covered with paraffin oil and the embryos are
viewed with an inverted microscope using Hoftman optics.
Injection of the vectors of this invention may be accomplished
by positioning a one cell embryo, or blastula with a holding
micropipette and injecting the vector thereto with a finely
pulled injection micropipette. The control of the fluid flow
through the micropipettes may be accomplished by art-rec-
ognized means, for example, the entire system may be filled
with paraffin oil allowing positive pressure for injection and
negative pressure for holding the embryo to be injected under
fine control. Embryo survival after injection may be assessed
morphologically.

The embryos surviving microinjection may be placed in
HT6 medium in preparation for transfer to the oviducts of 6-
to 8-week old female mice. The recipient may be adminis-
tered PMS i.p. followed later by hCG and placed with a
vasectomized male mouse. To aid the recipient in accepting
the microinjection embryos the gonadotropic administration
and mating may coincide with the schedule of the donor
mouse.

The success of the embryo transfer is, in some embodi-
ments judged by the birth of mice about 19-21 days after
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transfer. Success of the microinjection may be assessed by
Southern hybridization analysis of DNA isolated from mouse
tail biopsies.

In one embodiment, the vectors and methods of this inven-
tion may employ the use of enhancer sequences. In one
embodiment, the term “enhancer” refers to a DNA sequence,
which binds to other protein components of the transcription
initiation complex and may thus facilitate the initiation of
transcription directed by its associated promoter.

In another embodiment, the vectors and their use according
to the present invention include at least two selectable mark-
ers, which may serve to indicate inversion and excision medi-
ated by a Cre-recombinase, as described herein. In one
embodiment, the selectable marker comprises an antibiotic
resistance cassette, by means well known to one skilled in the
art. In one embodiment, the resistance cassette is for confer-
ring resistance to ampicillin, bleomycin, chloramphenicol,
gentamycin, hygromycin, kanamycin, lincomycin, methotr-
exate, phosphinothricin, puromycin, or tetracycline, or
derivatives thereof.

In another embodiment, the selectable marker may com-
prise nucleic acid sequences encoding for a reporter protein,
such as, for example, green fluorescent protein (GFP), DS-
Red (red fluorescent protein), acetohydroxyacid synthase
(AHAS), beta glucoronidase (GUS), secreted alkaline phos-
phatase (SEAP), beta-galactosidase, chloramphenicol acetyl-
transferase (CAT), horseradish peroxidase (HRP), luciferase,
nopaline synthase (NOS), octopine synthase (OCS), or
derivatives thereof, many known in the art, or any number of
other reporter proteins known to one skilled in the art.

In some embodiments, the invention provides vectors/kits/
compositions and the use of any form or derivative of GFP
that emits sufficient fluorescence to enable fluorescence
detection of intracellular GFP by flow cytometry using a
fluorescence-activated cell sorter (FACS), or by fluorescence
microscopy. GFP usable in the invention include wild-type as
well as naturally occurring (by spontaneous mutation) or
recombinantly engineered mutants and variants, truncated
versions and fragments, functional equivalents, derivatives,
homologs and fusions, of the naturally occurring or wild-type
proteins. A range of mutations in and around the chro-
mophore structure of GFP (around amino acids 64-68) have
been described. These mutations result in modifications of the
spectral properties, the speed of chromophore formation, the
extinction coefficient, and the physical characteristics of the
GFP. These forms of GFP may have altered excitation and
emission spectra as compared to the wild-type GFP, or may
exhibit greater stability. The mutant GFPs may fluoresce with
increased intensity or with visibly distinct colors than the
wild-type protein, e.g., blue, yellow or red-shifted fluorescent
proteins, the DNA containing these genes of which are avail-
able commercially (Clontech, Palo Alto, Calif.; Quantum
Biotechnologies, Montreal, Canada). Mutants with increased
fluorescence over the wild-type GFP provide a much more
sensitive detection system. Mutants may have a single exci-
tation peak as opposed to 2 peaks characteristic of the native
protein, may be resistant to photobleaching or may exhibit
more rapid oxidation to fluorophore. For example, the Aequo-
rea GFP mutant, S65T (Heim et al. Nature 373: 663-664
(1995)), in which Ser65 has been replaced by Thr, offers
several advantages over the wild-type GFP in that the mutant
provides six-fold greater brightness than wild-type, faster
fluorophore formation, no photoisomerization and only very
slow photobleaching. Modifications of Ser65 to Thr or Cys
result in GFPs that continue to emit maximally at approxi-
mately 509 nm but which have a single excitation peak red-
shifted to 488 nm and 473 nm respectively. This has several
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advantages in that it brings the excitation peaks more in line
with those already used with fluorescent microscopes and
fluorescence-activated cell sorters (FACS) for FITC. Further-
more, chromophore formation of these mutants is more rapid
and the extinction coefficient is greater than that of wtGFP
(wild-type GFP), which results in a stronger fluorescent sig-
nal (Heim et al., 1995, supra). Other GFP mutants have
codons optimized for mammalian cell expression as well as
exhibiting greater fluorescence than the original GFP gene
(see Bennet (1998), infra; Crameri et al. Nature Biotechnol.
14:315-319 (1996)). “Humanized” or otherwise modified
versions of GFP, including base substitution to change codon
usage, that favor high level expression in mammalian cells,
are suitable for use in the constructs of the invention (see, e.g.,
Hauswirth et al., U.S. Pat. No. 5,874,304; Haas et al. U.S. Pat.
No. 5,795,737). GFP mutants that will fluoresce and be
detected by illumination with white light are described in WO
9821355. Still other mutant GFPs are described in U.S. Pat.
No. 5,804,387 (Cormack et al.) and WO 9742320 (Gaitanaris
etal.).

In another embodiment, the vector may further include an
origin of replication, and may be a shuttle vector, which can
propagate both in bacteria, such as, for example, E. coli
(wherein the vector comprises an appropriate selectable
marker and origin of replication) and be compatible for
propagation in vertebrate cells, or integration in the genome
of'an organism of choice.

The nucleic acids may be introduced into tissues or host
cells by any number of routes, including viral infection,
microinjection, or fusion of vesicles. Jet injection may also be
used for intramuscular administration, as described by Furth
et al. (1992), Anal Biochem 205:365-368. The nucleic acids
may be coated onto gold microparticles, and delivered intra-
dermally by a particle bombardment device, or “gene gun” as
described in the literature (see, for example, Tang et al.
(1992), Nature 356:152-154), where gold microprojectiles
are coated with the DNA, then bombarded into skin cells.
Expression vectors may be used to introduce the nucleic acids
into a cell.

In one embodiment, the vectors of this invention may be
fed directly to, injected into, the host organism containing the
target gene. The vectors of this invention may be directly
introduced into the cell (i.e., intracellularly); or introduced
extracellularly into a cavity, interstitial space, into the circu-
lation of an organism, introduced orally, etc. Methods for oral
introduction include direct mixing of the vector with food of
the organism. Physical methods of introducing the vectors
include injection directly into the cell or extracellular injec-
tion into the organism of a solution comprising the vector. The
vectors may be introduced in an amount, which allows deliv-
ery of at least one copy per cell. Higher doses (e.g., at least 5,
10, 100, 500 or 1000 copies per cell) of the vectors may yield
more effective inhibition; lower doses may also be useful for
specific applications.

In other embodiments, a hydrodynamic administration
protocol is employed, and may be as described in Chang et al.,
J. Virol. (2001) 75:3469-3473; Liu et al., Gene Ther. (1999)
6:1258-1266; Wolff et al., Science (1990) 247: 1465-1468;
Zhang et al., Hum. Gene Ther. (1999) 10:1735-1737: and
Zhang et al., Gene Ther. (1999) 7:1344-1349, each of which
represents an embodiment of this invention.

In other embodiments, delivery protocols of interest may
include, but are not limited to: those described in U.S. Pat. No.
5,985,847, or 5,922,687, WO/11092; Acsadi et al., New Biol.
(1991) 3:71-81; Hickman et al., Hum. Gen. Ther. (1994)
5:1477-1483; or Wolff et al., Science (1990) 247: 1465-1468,
and others, as will be appreciated by one skilled in the art.
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The methods of this invention comprise the step of con-
tacting a target cell with a vector of this invention. In one
embodiment, the terms “contacting”, “contact” or “con-
tacted” indicate, direct or, in another embodiment, indirect
exposure of the cell to a vector, compound or composition
comprising the vectors of this invention. It is envisaged that,
in another embodiment, indirect supply to the cell may be via
provision in a culture medium that surrounds the cell, or via
parenteral administration in a body of a subject, whereby the
vector ultimately contacts a cell via peripheral circulation (for
further detail see, for example, Methods in Enzymology Vol.
1-317, Rubin and Dennis, eds, (1955-2003) and Current Pro-
tocols in Molecular Biology, Ausubel, et al, eds (1998),
Molecular Cloning: A Laboratory Manual, Sambrook and
Russell, eds., (2001), or other standard laboratory manuals).
It is to be understood that any direct means or indirect means
ofintracellular access of a vector, or composition comprising
the same of this invention represents an embodiment thereof.

In one embodiment, the target cell is contacted with a
vector/composition comprising the same, of this invention, in
vivo, in vitro or ex-vivo. In one embodiment, cells may be
procured from a subject, contacted with a vector of this inven-
tion, and reintroduced into the subject. In one embodiment,
the cell is a stem or progenitor cell, and reintroduction into the
subject may be followed, in another embodiment, by stimu-
lation of differentiation of the contacted cell, in vivo.

In another embodiment, Cre recombinase is expressed at
specific times during development.

In another embodiment, this invention provides for the
generation of a non-human animal with reduced expression
of a coding sequence, wherein the reduced expression is
produced according to the methods, and/or utilizing the vec-
tors of this invention.

Transgenic mice, may, in one embodiment, be derived
using the vectors/methods of this invention, according to
Hogan, et al., “Manipulating the Mouse Embryo: A Labora-
tory Manual”, Cold Spring Harbor Laboratory (1988) which
is incorporated herein by reference. Embryonic stem cells
may, in another embodiment, be manipulated according to
published procedures (Teratocarcinomas and embryonic
stem cells: a practical approach, E. J. Robertson, ed., IRL
Press, Washington, D.C., 1987; Zjilstra et al., Nature 342:
435-438 (1989); and Schwartzberg et al., Science 246:799-
803 (1989), each of which is incorporated herein by refer-
ence). Zygotes may be manipulated, in another embodiment,
according to known procedures; for example see U.S. Pat.
No. 4,873,191, Brinster et al., PNAS 86:7007 (1989); Susulic
et al., J. Biol. Chem. 49:29483 (1995), and Cavard et al.,
Nucleic Acids Res. 16:2099 (1988), hereby incorporated by
reference. Tetraploid blastocyst complementation may also
be utilized to achieve non-human animals, which express the
vectors of this invention, according to methods as exemplified
herein, or, as are well known in the art.

In one embodiment, this invention provides a method of
producing an animal genetically inactivated for a coding
sequence, the method comprising contacting an embryonic
stem cell with a vector of'this invention which may be used for
gene silencing, injecting the contacted embryonic stem cell to
a blastocyst of an animal and obtaining an animal expressing
the vector, whereby, following Cre-mediated recombination
in the animal, the miRNA agent is expressed and reduces
expression of the coding sequence, thereby being a method of
producing an animal genetically inactivated for a coding
sequence.

In another embodiment, the method of conditionally
reducing expression of a coding sequence, as described and
exemplified herein, may be therapeutic. In one embodiment,
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the term “therapeutic” refers to the fact that when in contact
with a cell in a subject in need, provides a beneficial effect.

In one embodiment, the compositions/vectors and methods
of conditionally reducing expression of a coding sequence of
this invention prevent inappropriate expression of an encoded
protein in a subject. Some examples include endogenous
proteins which are mutated, and produces a non-functional
protein, or an over-expressed protein, which in another
embodiment, may be non-functional, or in another embodi-
ment, pathogenic.

In one embodiment, the encoded protein may include
cytokines, such as interferons or interleukins, or their recep-
tors. According to this aspect of the invention, and in one
embodiment, inappropriate expression patterns of cytokines
may be altered to produce a beneficial effect, such as for
example, a biasing of the immune response toward a Th1 type
expression pattern, or a Th2 pattern in infection, or in autoim-
mune disease, wherein altered expression patterns may prove
beneficial to the host. In these cases, and in one embodiment,
conditionally reducing expression of the inappropriate or
non-protective cytokine/receptor may be followed by deliv-
ery of an appropriate cytokine, or a vector/nucleic acid for
expressing the same.

In another embodiment, the encoded protein may include
an enzyme, such as one involved in glycogen storage or
breakdown. In another embodiment, the encoded protein may
include a transporter, such as an ion transporter, for example
CFTR, or a glucose transporter, or other transporters whose
inappropriate expression results in a variety of diseases. As
described hereinabove, and in another embodiment, condi-
tionally reducing expression of the encoded proteins, accord-
ing to this aspect of the invention, may be followed by deliv-
ery of a wild-type protein, or a plasmid encoding same, or a
mutated protein, which results in a therapeutic effect in the
subject.

In another embodiment, the encoded protein may include a
receptor, such as one involved in signal transduction within a
cell. Some examples include as above, cytokine receptors,
leptin receptors, transferring receptors, etc., or any receptor
wherein altered expression results in inappropriate or inad-
equate signal transduction in a cell.

It is to be understood that any encoded protein, wherein
conditionally reducing expression of the product is therapeu-
tic to a subject is to be considered as part of this invention, and
methods/vectors to provide wild-type or otherwise therapeu-
tic versions of the encoded protein to the subject, following
conditional reduction of expression of the mutated version, is
to be considered as part of this invention, and embodiments
thereof.

In another embodiment, the vectors/methods of this inven-
tion may be utilized to conditionally reduce expression of an
oncogene, whose expression promotes cancer-related events.
In one embodiment, the conditionally reduced expression of
oncogenes comprising ABLI, BCLI, BCL2, BCL6, CBFA2,
CBL, CSFIR, ERBA, ERBB, EBRB2, ETSI, ETSI, ETV6,
FOR, FOS, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN,
MDM2, MLL, MYB, MYC, MYCLI, MYCN, NRAS, PIM
1, PML, RET, SRC, TALIL TCL3, YES, or any form thereof,
or combinations thereof, may be effected via the vectors/
compositions/methods of this invention. In another embodi-
ment, vectors/methods of this invention may be utilized to
conditionally reduce expression of a Prostate Tumor Inducing
Gene, which may comprise in one embodiment, PTI-1, PTI-
2, PTI-3 or combinations thereof.

In one embodiment, the vectors/methods of this invention
may be utilized to conditionally reduce expression of genes
whose products promote angiogenesis, such as, for example,



US 9,043,994 B2

23

and in one embodiment, VEGF, VEGF receptor, erythropoi-
etin, or combinations thereof. In another embodiment, the
coding sequence for which conditional reducing expression is
desired may comprise a matrix metalloproteinase, wherein
reduction of expression prevents, in one embodiment,
metastasis of cancerous cells, or, in another embodiment,
tissue necrosis in infectious or inflammatory diseases.

In another embodiment, the vectors/compositions/meth-
ods of this invention may be utilized to conditionally reduce
expression of a mutated rhodopsin gene. Autosomal domi-
nant retinitis pigmentosa (ADRP) is characterized by the
substitution of histidine for proline at codon 23 (P23H) in
their rhodopsin gene, resulting in photoreceptor cell death
from the synthesis of the abnormal gene product. In one
embodiment, P23H mutant mRNAs may be targeted for con-
ditional reduction of expression.

In another embodiment, the vectors/compositions/meth-
ods of'this invention may be utilized to reverse effects of high
glucose on progression of diabetic retinopathy. High glucose
environments can result in chronically increased nitric oxide
(NO) activity, which leads to endothelial cell dysfunction and
impaired blood retinal barrier integrity characteristic of dia-
betic retinopathy.

In one embodiment, NOS synthesis may be conditionally
reduced, in a tissue specific manner, in another embodiment,
via the use of miRNAs targeted against VEGF, iNOS, or
eNOS using the vectors/compositions and methods, as
described hereinabove. In another embodiment, glucose
transporters may be similarly targeted for therapeutic pur-
poses in diabetic retinopathy.

In another embodiment, the vectors/compositions and
methods for reducing expression of a coding sequence may be
applied in a subject with a disease, where the disease may
comprise, but is not limited to: muscular dystrophy, cancer,
cardiovascular disease, hypertension, infection, renal dis-
ease, neurodegenerative disease, such as alzheimer’s disease,
parkinson’s disease, huntington’s chorea, Creuztfeld-Jacob
disease, autoimmune disease, such as lupus, rheumatoid
arthritis, endocarditis, Graves’ disease or ALD, respiratory
disease such as asthma or cystic fibrosis, bone disease, such as
osteoporosis, joint disease, liver disease, disease of the skin,
such as psoriasis or eczema, ophthalmic disease, otolaryngeal
disease, other neurological disease such as Turret syndrome,
schizophrenia, depression, autism, or stoke, or metabolic dis-
ease such as a glycogen storage disease or diabetes. It is to be
understood that any disease whereby reduced expression of a
particular protein, which can be accomplished via the use of
the vectors or cells or compositions, or via the methods of this
invention, is to be considered as part of this invention.

In one embodiment, the vectors and/or methods of this
invention inactivate a gene whose product expression results
in a disease, disorder or condition. In some embodiments,
such vectors may further a second sequence of interest, which
are in antisense orientation, as well, and may in some embodi-
ments, be fused to the miRNA sequence as herein described.
In some embodiments, the second sequence of interest may
itself be flanked by restriction endonuclease sites, splice
donor and acceptor sites, or combinations thereof, or in some
embodiments, a splice acceptor sequence is positioned 3' to
the second sequence, while a splice donor sequence is posi-
tioned 5' to the first sequence, such that the splice sequences
(and/or restriction endonuclease sites) flank fused miRNAs.

In some embodiments, such second sequences may com-
prise sequences encoding a therapeutic protein, for example
where the sequence which is inactivated is a mutated product,
which results in disease, the second sequence may encode the
same product, in a therapeutic form, which in turn prevents or
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treats the disease. For example, in subjects with a mutated
CFTR, as herein described, the second sequence may encode
a wild type CFTR, or one which restores therapeutic activity
in a subject.

In some embodiments, the first miRNA sequence of inter-
est specifically interacts with a sequence encoding an endog-
enous form of the protein of interest, and in one embodiment,
the endogenous form is associated with a disease or disorder
in the host.

According to this aspect, and in one embodiment, the sec-
ond sequence may be another miRNA sequence of interest,
which modulates expression of a gene whose activity is coop-
erative with that of a gene inactivated by the first miRNA
sequence of interest. For example, multiple oncogenes may
be inactivated in a subject with a particularly aggressive neo-
plasia, or, in another embodiment, multiple mediators of
inflammation may be inactivated in a subject with severe
inflammatory disease, or autoimmune disease, or others, as
will be appreciated by one skilled in the art.

In another embodiment, the second miRNA sequence may
modulate expression of a gene whose activity antagonizes
that of a gene modulated by the first miRNA sequence of
interest.

In another embodiment, two or more miRNA sequences
are expressed in such subjects/are found within the vectors of
this invention, and in some embodiments, the vector may
further comprise a third nucleic acid in antisense orientation,
positioned between the first pair of loxP sequences, wherein
the third nucleic acid encodes a protein of interest, which
may, in some embodiments be directly related to the products
of genes being inactivated, for example, when oncogenes are
being inactivated, the third sequence may encode a tumor
suppressor. In some embodiments, the encoded protein of
interest may be indirectly related, for example, a molecule
known to activate the immune response in the subject. In
some embodiments, other products may be co-expressed, for
example tumor vaccines or antigens directed against/derived
from the tumor or neoplasia being treated. In other embodi-
ments, such products may be co-administered, or staggered in
administration, or administered at a site distal to delivery of
the vectors of this invention, whose therapeutic effect is coop-
erative.

In another embodiment, the vector will comprise a third
sequence, and the methods of this invention make use of the
same, or of administration of additional protein/polypeptide/
nucleic acids/vectors, which comprise/express any desired
protein, for example a therapeutic protein, for example insu-
lins, amylases, proteases, lipases, kinases, phosphatases, gly-
cosyl transferases, trypsinogen, chymotrypsinogen, carbox-
ypeptidases, hormones, ribonucleases, deoxyribonucleases,
triacylglycerol lipase, phospholipase A2, elastases, amylases,
blood clotting factors, UDP glucuronyl transferases, orni-
thine transcarbamoylases, cytochrome p450 enzymes,
adenosine deaminases, serum thymic factors, thymic
humoral factors, thymopoietins, growth hormones,
somatomedins, costimulatory factors, antibodies, colony
stimulating factors, erythropoietin, epidermal growth factors,
hepatic erythropoietic factors (hepatopoietin), liver-cell
growth factors, interleukins, interferons, negative growth fac-
tors, fibroblast growth factors, transforming growth factors of
the o family, transforming growth factors of the  family,
gastrins, secretins, cholecystokinins, somatostatins, sero-
tonins, substance P and transcription factors and enzymes
(e.g., ACC synthases and oxidases, ACP desaturases and
hydroxylases, ADP-glucose pyrophorylases, ATPases, alco-
hol dehydrogenases, amyloglucosidases, catalases, cellu-
lases, chalcone synthases, chitinases, cyclooxygenases,
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decarboxylases, dextrinases, DNA and RNA polymerases,
galactosidases, glucanases, glucose oxidases, granule-bound
starch synthases, GTPases, helicases, hemicellulases, inte-
grases, inulinases, invertases, isomerases, kinases, lactases,
Upases, lipoxygenases, lysozymes, nopaline synthases,
octopine synthases, pectinesterases, peroxidases, phos-
phatases, phospholipases, phosphorylases, phytases, plant
growth regulator synthases, polygalacturonases, proteinases
and peptidases, pullanases, recombinases, reverse tran-
scriptases, RUBISCOs, topoisomerases, and xylanases);
chemokines (e.g. CXCR4, CCRS), the RNA component of
telomerase, vascular endothelial growth factor (VEGF),
VEGF receptor, tumor necrosis factors nuclear factor kappa
B, transcription factors, cell adhesion molecules, Insulin-like
growth factor, transforming growth factor beta family mem-
bers, cell surface receptors, RNA binding proteins (e.g. small
nucleolar RNAs, RNA transport factors), translation factors,
telomerase reverse transcriptase), or combinations thereof.

In another embodiment, expression of a tumor suppressor
geneis desired, such as, for example, APC, BRCA 1, BRCA2,
MADH4, MCC, NF 1, NF2, RB 1, TP53, WTI, or combina-
tions thereof, and vectors of this invention comprising and
methods making use of such sequences, may in one embodi-
ment, suppress, or in another embodiment, diminish severity,
or in another embodiment, prevent metastasis of a cancer, and
represent an embodiment of this invention.

In another embodiment, expression of an immunomodu-
lating protein is desired, such as, for example, cytokines,
chemokines, complement components, immune system
accessory and adhesion molecules or their receptors, such as,
for example, GM-CSF, 1L-2, IL-12, 0X40, OX40L (gp34),
lymphotactin, CD40, and CD40L, interleukins 1 to 15, inter-
ferons alpha, beta or gamma, tumour necrosis factor, granu-
locyte-macrophage colony stimulating factor (GM-CSF),
macrophage colony stimulating factor (M-CSF), granulocyte
colony stimulating factor (G-CSF), chemokines such as neu-
trophil activating protein (NAP), macrophage chemoattrac-
tant and activating factor (MCAF), RANTES, macrophage
inflammatory peptides MIP-1a and MIP-1b, complement
components and their receptors, or an accessory molecule
such as B7.1, B7.2, TRAP, ICAM-1, 2 or 3, cytokine recep-
tors, OX40, 0X40-ligand (gp34), or combinations thereof.

In another embodiment, expression of a protein, which
suppresses angiogenesis is desired, and vectors comprising
same and uses thereof'to treat disease states, including cancer,
hemangiomas, glaucoma, and other diseases, as will be well
known to one skilled in the art, represent embodiments of this
invention. In one embodiment, suppression of angiogenesis is
accomplished via expressing an endostatin.

In another embodiment, the method of conditionally
reducing expression of a coding sequence, as described and
exemplified herein, may be for the evaluation of interacting
proteins or endogenous mechanisms or interaction of sub-
stances therewith. For example, and in one embodiment,
reduced expression of a specific tumor suppressor, or multiple
suppressors is evaluated in an animal subject, for the creation
of an experimental model. According to this aspect and in
some embodiments, knockdown of such suppressors may be
cell ortissue specific. In some embodiments, according to this
aspect, the model may further comprise expression of an
oncogene. In some embodiments, the model may further
comprise the evaluation of therapies and/or treatment regi-
mens, as a model for appropriate therapeutics.

In another aspect, the reduced expression may be of a
specific oncogene in an established animal model of cancer,
or multiple oncogenes, for the creation of an experimental
model of cancer therapy. According to this aspect and in some
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embodiments, knockdown of such oncogenes may be cell or
tissue specific, and evaluation thereof may provide a mecha-
nism for therapy of a particular cancer, or cancers in general.
In some embodiments, according to this aspect, the model
may further comprise expression of a tumor suppressor. In
some embodiments, the model may further comprise the
evaluation of therapies and/or treatment regimens, as a model
for appropriate therapeutics, or in some embodiments, evalu-
ation of certain agents, or lifestyle changes which prevent
therapy, reduce efficacy thereto, or exacerbate disease.

Similarly, animal models of diseases, such as suspected
multi-genic dependent diseases may be evaluated with the
vectors, nucleic acids, compositions and methods of this
invention, as will be appreciated by one skilled in the art.

In another embodiment, this invention provides a method
of assessing neoplasia in an animal model, said method com-
prising:

i. contacting a target cell in a subject animal with a vector

comprising:

first pair of loxP sequences, inverted in orientation, with
respect to each other;

a first nucleic acid encoding a first selectable marker in
sense orientation, wherein said nucleic acid is posi-
tioned between said first pair of loxP sequences;

second nucleic acid encoding a second selectable
marker, fused in frame to an miRNA sequence of
interest with a suspected role in neoplasia or suppres-
sion thereof in antisense orientation, said miRNA
sequence of interest being flanked by splice donor and
splice acceptor sequences, said second nucleic acid is
positioned between said first pair of 1oxP sequences,
and said second nucleic acid is 3' with regard to said
first nucleic acid;

second pair of loxP sequences, inverted in orientation,
with respect to each other, wherein said first loxP
sequenced of said second pair is positioned between
said first and said second nucleic acid, and said second
loxP sequence in said second pair is positioned 3' with
respect to said first pair of loxP sequences, and said
second pair of loxP sequences differs from that of said
first pair of loxP sequences; and

ii. evaluating neoplasia or development thereof in said

animal;

whereby said method assesses development of neoplasia or

suppression thereof in said subject animal as opposed to

a control subject.

In some embodiments, the Cre recombinase is expressed in
a cell- or tissue-specific manner.

In some embodiments, the first pair of loxP sequences
comprises the wildtype sequence, and in some embodiments,
the second pair of loxP sequences comprises a mutated loxP.
In some embodiments, the first pair of loxP sequences com-
prises the loxP 5171 sequence and in some embodiments, the
second pair of loxP sequences comprises the loxP 2272
sequence.

In some embodiments, the vector comprises a first regula-
tory sequence operatively linked to said second nucleic acid
and said regulatory sequence is in antisense orientation and in
some embodiments, the first regulatory sequence is a Ubiq-
uitinC promoter sequence. In some embodiments, the vector
further comprises a second regulatory sequence, located 5' to
said first regulatory sequence, wherein said second regulatory
sequence is in sense orientation.

In some embodiments the vector further comprises a
Bovine Growth Hormone polyadenylation signal positioned
3'to said second pair of loxP sites and in some embodiments,
the vector further comprises a modified U3 LTR positioned 5'
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to said polyadenylation signal. In some embodiments, the
first regulatory sequence is tissue specific or in some embodi-
ments, the first regulatory sequence is inducible.

In some embodiments, the miRNA agent is an shRNA.

In some embodiments, the miRNA specifically inactivates
p53 or PTEN gene expression.

In some embodiments, the vector further comprises a sec-
ond miRNA sequence of interest in antisense orientation
fused to the miRNA sequence of interest. In some embodi-
ments, the second miRNA sequence of interest modulates
expression of a gene whose activity is cooperative with that of
a gene modulated by said first miRNA sequence of interest. In
some embodiments, the first and second miRNA sequence of
interest regulate expression of a tumor suppressor.

In some embodiments, the first miRNA sequence of inter-
est specifically inactivates one of p53 or PTEN gene expres-
sion and said second miRNA sequence of interest specifically
inactivates the other.

In some embodiments, the vector comprises a sequence
corresponding to or homologous to SEQ ID No: 27.

In some embodiments, the second miRNA sequence of
interest modulates expression of a gene whose activity
antagonizes that of a gene modulated by said the miRNA
sequence of interest.

In some embodiments, the second nucleic acid encodes an
oncogene.

In some embodiments, the vector comprises a third nucleic
acid in antisense orientation, positioned between the first pair
of loxP sequences, wherein the third nucleic acid encodes a
protein of interest.

In some embodiments, the third nucleic acid encodes an
miRNA specifically inactivating a tumor suppressor.

In some embodiments, the third nucleic acid encodes an
miRNA specifically inactivating p53, PTEN or a combination
thereof.

In some embodiments, the vector comprises a nucleic acid
sequence corresponding to or homologous to SEQ ID NO: 21

In some embodiments, animal models, and/or treatment
strategies for the following neoplasias are to be considered as
part of this invention, when applying the vectors, nucleic
acids, compositions and methods of this invention to create a
model and/or treatment for a cancer which may comprise:
comprise adrenocortical carcinoma, anal cancer, bladder can-
cer, brain tumor, brain stem glioma, brain tumor, cerebellar
astrocytoma, cerebral astrocytoma, ependymoma, medullo-
blastoma, supratentorial primitive neuroectodermal, pineal
tumors, hypothalamic glioma, breast cancer, carcinoid tumor,
carcinoma, cervical cancer, colon cancer, endometrial cancer,
esophageal cancer, extrahepatic bile duct cancer, ewings fam-
ily of tumors (Pnet), extracranial germ cell tumor, eye cancer,
intraocular melanoma, gallbladder cancer, gastric cancer,
germ cell tumor, extragonadal, gestational trophoblastic
tumor, head and neck cancer, hypopharyngeal cancer, islet
cell carcinoma, laryngeal cancer, leukemia, acute lympho-
blastic, leukemia, oral cavity cancer, liver cancer, lung cancer,
small cell lung cancer, non small cell lung cancer, lymphoma,
AIDS-related lymphoma, central nervous system (primary),
lymphoma, cutaneous T-cell, lymphoma, Hodgkin’s disease,
non-Hodgkin’s disease, malignant mesothelioma, mela-
noma, Merkel cell carcinoma, metasatic squamous carci-
noma, multiple myeloma, plasma cell neoplasms, mycosis
fungoides, myelodysplastic syndrome, myeloproliferative
disorders, nasopharyngeal cancer, neuroblastoma, oropha-
ryngeal cancer, osteosarcoma, ovarian epithelial cancer, ova-
rian germ cell tumor, ovarian low malignant potential tumor,
pancreatic cancer, exocrine, pancreatic cancer, islet cell car-
cinoma, paranasal sinus and nasal cavity cancer, parathyroid
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cancer, penile cancer, pheochromocytoma cancer, pituitary
cancer, plasma cell neoplasm, prostate cancer, rhabdomyosa-
rcoma, rectal cancer, renal cell cancer, salivary gland cancer,
Sezary syndrome, skin cancer, cutaneous T-cell lymphoma,
skin cancer, Kaposi’s sarcoma, skin cancer, melanoma, small
intestine cancer, soft tissue sarcoma, soft tissue sarcoma,
testicular cancer, thymoma, malignant, thyroid cancer, ure-
thral cancer, uterine cancer, sarcoma, unusual cancer of child-
hood, vaginal cancer, vulvar cancer, Wilms’ tumor, or any
combination thereof. It is to be understood that the animal
models, and/or treatment strategies for the neoplasias listed
herein, and in reference thereto in applying the vectors,
nucleic acids, compositions and methods of this invention to
create a model and/or treatment for such neoplasias are to be
considered for application to preneoplastic or hyperplastic
lesions thereof, as well, and represent other embodiments of
this invention.

In another embodiment, the methods/vectors/composi-
tions of this invention do not exhibit the limitation of causing
constitutive gene silencing or gene expression, in all tissues.
According to this aspect of the invention, the methods of this
allow for regulated expression of miRNA and thereby regu-
lated expression of a desired coding sequence.

In another embodiment, this invention provides for kits for
conditional reduction of expression, or conditional expres-
sion of a coding sequence, comprising one or more containers
filled with one or more of the ingredients of the aforemen-
tioned vectors, or compositions of the invention.

The vectors of the invention may be employed, in another
embodiment, in combination with a non-sterile or sterile car-
rier or carriers for administration to cells, tissues or organ-
isms, such as a pharmaceutical carrier suitable for adminis-
tration to an individual. Such compositions comprise, for
instance, a media additive or a therapeutically effective
amount of a recombinant virus of the invention and a phar-
maceutically acceptable carrier or excipient. Such carriers
may include, but are not limited to, saline, buffered saline,
dextrose, water, glycerol, and combinations thereof. The for-
mulation should suit the mode of administration.

The vectors or compositions of the invention may be
employed alone or in conjunction with other compounds,
such as additional therapeutic compounds.

The pharmaceutical compositions may be administered in
any effective, convenient manner including, for instance,
administration by intravascular (i.v.), intramuscular (i.m.),
intranasal (i.n.), subcutaneous (s.c.), oral, rectal, intravaginal
delivery, or by any means in which the recombinant virus/
composition can be delivered to tissue (e.g., needle or cath-
eter). Alternatively, topical administration may be desired for
insertion into epithelial cells. Another method of administra-
tion is via aspiration or aerosol formulation.

For administration to mammals, and particularly humans,
it is expected that the physician will determine the actual
dosage and duration of treatment, which will be most suitable
for an individual and can vary with the age, weight and
response of the particular individual.

The following examples are presented in order to more
fully illustrate some embodiments of the invention. They
should, in no way be construed, however, as limiting the
scope of the invention.

EXAMPLES
Materials and Methods

Generation of Constructs

pLB2 was generated by modification of pL.B [Kissler S, et
al. Nat. Genet. 2006 April; 38(4):479-83] to introduce the
FLIP insert, followed by insert fill in and ligation.
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The FLIP insert comprises loxP 5171 and loxP 2272 genes,
a modified puromycin resistance cassette incorporating the
foot-and-mouth-disease virus (FMDV) 2A encoding
sequence at its C-terminus, fused in frame to a gene encoding
the Thyl.1 surface marker (See Schnutgen F, et. al., Nat.
Biotechnol. 2003 May; 21(5):562-5 for methods), and
nucleic acids encoding the indicated miR30 and GFP, as
outlined in FIG. 1.

An miR30 following GFP was placed in an artificial intron
by flanking the miR30 with consensus splice donor and splice
acceptor sequences (underlined). The restriction sites Notl-
Pmel (in bold) flanked a miR30 specific for firefly luciferase.

(SEQ ID NO: 1)
agtaGCGGCCCAATTGCAGGTGAGTGGgeggecgecaagecttgttaagtyg

ctegetteggecagcacatatactatgtttgaatgaggettecagtacttta
cagaatcgttgcctgecacatcttggaaacacttgetgggattacttette
aggttaacccaacagaaggct cgagAAGGTATATTGCTGTTGACAGTGAG
CGAGCTCCCGTGAATTGGAATCCTAGTGAAGCCACAGATGTAGGATTCCA
ATTCAGCGGGAGCCTGCCTACTGCCTCGgaattcaaggggctactttagy
agcaattatcttgtttactaaaactgaataccttgctatctetttgatac
atttttacaaagctgaattaaaatggtataaattaaatcacttttttcaa

ttggaagactaatgcgtttaaacCCCTGACTCTCCCCTTTTTTTTTTCCT

CCAGGTATGCATaaac.

A similar construct was prepared, comprising a miR30
specific for o4 integrin:

(SEQ ID NO:2)
agtaGCGGCCCAATTGCAGGTGAGTGGgeggecgecaagecttgttaagtyg

ctegetteggecagcacatatactatgtttgaatgaggettecagtacttta
cagaatcgttgcctgecacatcttggaaaacacttgetgggattacttett
caggttaacccaacagaaggctcgagAAGGTATATTGCTGTTGACAGTGA
GCGCCGACATTTCACCATCATTATTTAGTGAAGCCACAGATGTAAATAAT
GATGGTGAAATGTCGTTGCCTACTGCCTCGGAattcaaggggctacttta
ggagcaattatcttgtttactaaaactgaataccttgctatctetttgat
acatttttacaaagctgaattaaaatggtataaattaaatcactttttte

aattggaagactaatgcgtttaaacCCCTGACTCTCCCCTTTTTTTTTTC

CTCCAGGTATGCATaaac

It is noted that the preceding sequences represent sense
orientation.

A pLB2 construct comprising the FLIP cassette containing
miR30 targeting FireFly luciferase was constructed, with the
following sequence:

(SEQ ID NO: 3)
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACA

ATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGT
GTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGC

AAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTT
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-continued
GCGCTGCTTCGCGATGTACGGGCCAGATATACGCGT TGACATTGATTATT

GACTAGTcatgttctttectgegttatceccectgattctgtggataacegt
attaccgectttgagtgagctgataccgetegecgecagecgaacgaccga
gegeagegagtcagtgagecgaggaageggaagagegeccaatacgcaaac
cgecteteceegegegttggecgattcattaatgeagetggecacgacagg
tttececgactggaaagegggcagtgagegecaacgcaattaatgtgagtta
gctcactcattaggcaccccaggcetttacactttatgettecggetegta
tgttgtgtggaattgtgagcggataacaatttcacacaggaaacagetat
gaccatgattacgccaagcgegcaattaaccctagettaatgtagtetta
tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatg
ccttacaaggagagaaaaagcaccgtgcatgecgattggtggaagtaagg
tggtacgatcgtgcecttattaggaaggcaacagacgggtctgacatggat
tggacgaaccactgaattgccgecattgcagagatattgtatttaagtgec
tagctcgatacaataaacgggtetetetggttagaccagatetgagectyg
ggagctcetectggctaactagggaacccactgettaagectcaataaaget
tgccttgagtgecttcaagtagtgtgtgecegtetgttgtgtgactetggt
aactagagatccctcagacccttttagtcagtgtggaaaatctctagecag
tGGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTC
TCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGTC
GGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAG
AGAGATGGGTGCGAGAGCGTCAGTAT TAAGCGGGGGAGAATTAGATCGCG
ATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAA
AACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCT
GGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACA
ACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAG
TAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAG
GAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGC
ACAGCAAGCGGCCGGCCGCGCTGATCTTCAGACCTGGAGGAGGAGATATG
AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGA
ACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAG
AAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCA
GCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTA
TTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAG
CTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCT
CCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGC
CTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAAT
ACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAG
AATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATA

ACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTT
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GGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTA
GGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGG
GGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAG
AGACAGATCCATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAATTC
TGCAGACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT
TGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACA
TACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGG
GTTTATTACAGGGACAGCAGAGATCCAGTTTGGTTAGTACCGGGCCCGGT
GCTTTGCTCTGAGCCAGCCCACCAGTTTGGAATGACTCCTTTTTATGACT
TGAATTTTCAAGTATAAAGTCTAGTGCTAAATTTAATTTGAACAACTGTA
TAGTTTTTGCTGGT TGGGGGAAGGAAAAAAAATGGTGGCAGTGTTTTTTT
CAGAATTAGAAGTGAAATGAAAACTTGTTGTGTGTGAGGATTTCTAATGA
CATGTGGTGGTTGCATACTGAGTGAAGCCGGTGAGCATTCTGCCATGTCA
CCCCCTCGTGCTCAGTAATGTACTTTACAGAAATCCTAAACACTCAGCCT
GCATTTCTGCCAGGGCCCGCTCTAGATCTAGACGGTTGATCTggcctecyg
cgecegggttttggegectecegegggegececectectcacggegagege
tgccacgtcagacgaagggegecaggagegttectgatecttecgecegga
cgctecaggacageggecegetgetecataagacteggecttagaaccecag
tatcagcagaaggacattttaggacgggacttgggtgactctagggcact
ggttttetttecagagageggaacaggcegaggaaaagtagteectteteg
gegattcetgeggagggatcetectgtggggeggtgaacgecgatgattata
taaggacgcgcegggtgtggecacagetagtteegtegeageecgggatttyg
ggtcgeggttettgtttgtggategetgtgategtecacttggtgagttge
gggctgctgggetggeeggggcetttegtggecgecgggecgeteggtggg
acggaagcegtgtggagagaccgecaagggetgtagtetgggtecgegage
aaggttgcectgaactgggggttggggggagegecacaaaatggeggetgt
tcecegagtettgaatggaagacgettgtaaggegggetgtgaggtegttyg
aaacaaggtggggggcatggtgggeggcaagaacccaaggtettgaggece
ttcgctaatgegggaaagetettattegggtgagatgggetggggeacea
tctggggacectgacgtgaagtttgtecactgactggagaactegggtttyg
tegtetggttgegggggeggeagttatgeggtgeegttgggeagtgeace
cgtacctttgggagegegegectegtegtgtegtgacgtecaceegttetyg
ttggcttataatgcagggtggggecacctgecggtaggtgtgeggtagge
ttttecteegtegecaggacgeagggttegggectagggtaggetetectga
atcgacaggegecggacctetggtgaggggagggataagtgaggegtcag
tttetttggteggttttatgtacctatettettaagtagetgaageteeg
gttttgaactatgegeteggggttggegagtgtgttttgtgaagtttttt
aggcaccttttgaaatgtaatcatttgggtcaatatgtaattttcagtgt
tagactagtaaattgtccgctaaattetggeegtttttggettttttgtt

agacGAAGTACGCGCTAGCCGTTAATAAGCCTCGATGCggateccataact
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tcgtataggataccttatacgaagttatctcaggtaccgecaccatgace

gagtacaagcccacggtgcegectegecaccecgegacgacgtececcaggge
cgtacgcaccctegecgecgegttegecgactaceccgecacgegecaca
cegtegatecggaccegecacategagegggteacegagetgecaagaacte
ttectecacgegegtegggetegacateggecaaggtgtgggtegeggacga
cggegecgeggtggeggtetggaccacgecggagagegtcgaageggggy
cggtgttegecgagateggeccgegeatggecgagttgageggttecegg
ctggecgegecagcaacagatggaaggcectectggegecgeaceggeccaa
ggagccegegtggttectggecacegteggegtetegececgaccaccagyg
gcaagggtctgggcagegeegtegtgetecceggagtggaggeggecgag
cgegecggggtygeccgecttectggagacctecgegecccgecaacctece
cttetacgageggcteggettecacegtecacegecgacgtegaggtgeeeg
aaggaccgcgcacctggtgcatgacccegeaageceggtgecctgtacaag
aaacagaaaattgtggcaccagtgaaacagactttgaattttgaccttet
caagttggcgggagacgtcegagtcecaacectgggeccatgaacccageca
tcagegtegetetectgetetecagtettgeaggtgtcccgagggcagaag
gtgaccagectgacagectgectggtgaaccaaaaccttegectggactyg
ccgecatgagaataacaccaaggataactecatcecagcatgagttceagec
tgacccgagagaagaggaagcacgtgctetecaggecaccectegggatacee
gagcacacgtaccgcteccgegtcacectetecaaccagecctatatcaa
ggtecttaccctagecaacttcaccaccaaggatgagggegactactttt
gtgagcttecgagtctegggegegaateccatgagetccaataaaagtate
agtgtgtatagagacaaactggtcaagtgtggeggcataagectgetggt
tcagaacacatcctggatgctgetgetgetgetttecctetecctectee
aagccctggacttcatttetetgtgatctagaagecataacttegtatag
tacacattatacgaagttatgtttaaacgcattagtcttccaattgaaaa
aagtgatttaatttataccattttaattcagctttgtaaaaatgtatcaa
agagatagcaaggtattcagttttagtaaacaagataattgctcctaaag
tagccecttgaat tcCGAGGCAGTAGGCAGGCTCCCGCTGAATTGGAATC
CTACATCTGTGGCTTCACTAGGATTCCAATTCACGGGAGCTCGCTCACTG
TCAACAGCAATATACCTTctcgagecttetgttgggttaacctgaagaag
taatcccagcaagtgtttccaagatgtgcaggcaacgattetgtaaagta
ctgaagcctcattcaaacatagtatatgtgetgecgaagegagcacttaa
caaggcttgeggecgcetacttgtacagetegtecatgecgagagtgatec
cggeggeggteacgaactecagecaggaccatgtgategegettetegttg
gggtcetttygctcagggeggactgggtgetcaggtagtggttgtegggcayg
cagcacggggcecgtegecgatgggggtgttetgetggtagtggteggega
gctgcacgetgecgtectcegatgttgtggeggatettgaagttcacetty
atgcegttettetgettgteggecatgatatagacgttgtggetgttgta
gttgtactccagcettgtgccccaggatgttgeegtectecttgaagtega

tgcectteagetegatgeggttecaccagggtgtegeectegaactteace
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teggegegggtettgtagttgecgtegtecttgaagaagatggtgegete
ctggacgtagccttcegggcatggeggacttgaagaagtegtgetgettea
tgtggtcggggtageggcetgaagcactgcacgeccegtaggtcagggtggte
acgagggtgggccagggcacgggcagcttgecggtggtgecagatgaactt
cagggtcagcttgecgtaggtggcatecgecctegecctegecggacacge
tgaacttgtggcegtttacgtegecgtcecagetegaccaggatgggcace
accceggtgaacagctectegeccttgetcaccatggtggegaceggtat
aacttcgtataaggtatcctatacgaagttatccattcaggetgtgctag
catcaatggcatggcacaaagcttagccataacttegtataatgtgtact
atacgaagttatcccTGTTTAAGGGTTCCGGT TCCACTAGGTACAATTCG
ATATCAAGCTTATCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGA
TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTT
TCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCT TTATGAGGAGTTGTGS
CCCGTTGTCAGGCAACGTGGCGTGETGTGCACTGTGTTTGCTGACGCAAC
CCCCACTGGTTGEGGCATTGCCACCACCTGTCAGCTCCTT TCCGGGACTT
TCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTT
GCCCGCTGCTGGACAGGGGCT CGECTGTTGEGCACTGACAATTCCGTGGT
GTTGTCGGGGAAAT CATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCA
CCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAAT
CCAGCGGACCTTCCTTCCCGCEGCCTGCTGCCGGCTCTGCGGCCTCTTCC
GCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATC TCCCTTTGGGCCGCCT
CCCCGCATCGATACCGTCGACCTCGAT CGAGACCTAGAAAAACATGGAGC
AATCACAAGTAGCAATACAGCAGCTACCAATGCTGATTGTGCCTGGCTAG
AAGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACCA
AGCATGGGGTAAAGTACTGTTCTCATCACATCATATCAAGGTTATATACC
ATCAATATTGCCACAGATGTTACTTAGCCTTTTAATATTTCTCTAATTTA
GTGTATATGCAATGATAGTTCTCTGATTTCTGAGATTGAGTTTCTCATGT
GTAATGATTATTTAGAGTTTCTCTTTCATCTGTTCAAATTTTTGTCTAGT
TTTATTTTTTACTGATTTGTAAGACTTCTTTTTATAATCTGCATATTACA
ATTCTCTTTACTGGGGTGTTGCARATATTTTCTGTCATTCTATGGCCTGA
CTTTTCTTAATGGTTTTTTAATTTTAAAAATAAGTCTTAATATTCATGCA
ATCTAATTAACAATCTTTTCTTTGTGGTTAGGACTT TGAGTCATAAGAAA
TTTTTCTCTACACTGAAGTCATGATGGCATGCTTCTATATTATTTTCTAA
AAGATTTAAAGTTTTGCCTTCTCCATTTAGACTTATAATTCACTGGAATT
TTTTTGTGTGTATGGTATGACATATGGGTTCCCTTTTATTTTTTACATAT
AAATATATTTCCCTGTTTTTCTAAAAAAGAAAAAGATCATCATTTTCCCA
TTGTAAAATGCCATATTTTTTTCATAGGTCACTTACATATATCAATGGGT
CTGTTTCTGAGCTCTACTCTATTTTATCAGCCTCACTGTCTATCCCCACA

CATCTCATGCTTTGCTCTAAATCTTGATATTTAGTGGAACATTCTTTCCC
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ATTTTGTTCTACAAGAATATTTTTGTTATTGTCTTTTGGGCTTCTATATA

CATTTTAGAATGAGGTTGGCAAGGTACCTTTAAGACCAATGACTTACAAG
GCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGG
GCTAATTCACTCCCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTGGTTAG
ACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTT
AAGCCTCATAAAGCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTT
TGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGT
CCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTC
ATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGG
GAAGACAATAGCAGGCATGCTGGGGATGCGGTCCGGACTGTACTGGGTCT
CTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAA
CCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGT
GCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTA
GTCAGTGTGGAAAATCTCTAGCAGCATGTGAGCAAAAGGCCAGCAAAAGG
CCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGC
CCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCG
TGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCC
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAG
GATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGT
GGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTA
CGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGG
TCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT
TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCT
TACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCG
GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAG
AAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTT
GCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTC
ATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGT
TGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGT
AAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTC

TCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACT
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CAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGC
CCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGT
GCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTAC
CGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCT
TCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAG
GCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTTGAATAC
TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGG
GGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGAC

The pFLIP insert comprising an RNAi to p53 (not in an
intron) has a nucleic acid sequence as follows (microRNA-
short hairpin to p53 in upper case):

(SEQ ID NO: 4)
tccataacttegtataggataccttatacgaagttatctcaggtaccegece

accatgaccgagtacaagcccacggtgegectegecacccgegacgacgt
ccecagggecgtacgeacectegecgeegegttegecgactacceegeca
cgegecacaccgtcegatecggacegcecacategagegggtecaccgagetyg
caagaactcttectcacgegegtegggetegacateggcaaggtgtgggt
cgeggacgacggegecgeggtggeggtetggaccacgecggagagegteg
aagcgggggeggtgttegecgagateggecegegeatggecgagttgage
ggttcceggetggecgegcagcaacagatggaaggectectggegecgea
ceggeccaaggagecegegtggttectggecacegteggegtetegeceg
accaccagggcaagggtcetgggecagegecgtegtgetecceggagtggag
geggecgagegegeeggggtgeccgecttectggagaccteegegecceyg
caacctccecttcetacgageggeteggettecacegtcacegecgacgteg
aggtgcccgaaggaccgegcacctggtgeatgaceegcaageccggtgece
ctgtacaagaaacagaaaattgtggcaccagtgaaacagactttgaattt
tgaccttctcaagttggegggagacgtegagtceccaaccectgggeccatga
acccagccatcagegtegetcetectgeteteagtettgecaggtgtecega
gggcagaaggtgaccagcctgacagectgectggtgaaccaaaacctteg
cctggactgecgecatgagaataacaccaaggataactcecatcecageatg
agttcagcctgacccgagagaagaggaagcacgtgetetecaggcacecte
gggatacccgagcacacgtaccgcteccgegteacectetecaaccagee
ctatatcaaggtccttaccctagecaacttcaccaccaaggatgagggeg
actacttttgtgagcttcegagtetegggegegaateccatgagetecaat
aaaagtatcagtgtgtatagagacaaactggtcaagtgtggcggcataag
cctgectggttecagaacacatcectggatgetgetgetgetgettteeetet
cectectecaagecctggactteatttetetgtgatctagaagecataac
ttcgtatagtacacattatacgaagttatGTTTAAACGCATTAGTCTTCC
AATTGAAAAAAGTGATTTAATTTATACCATTTTAATTCAGCTTTGTAAAA

ATGTATCAAAGAGATAGCAAGGTATTCAGTTTTAGTAAACAAGATAATTG
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CTCCTAAAGTAGCCCCTTGAATTCCGAGGCAGTAGGCATCCACTACAAGT
ACATGTGTAATACATCTGTGGCTTCACTATTACACATGTACTTGTAGTGG
GCGCTCACTGTCAACAGCAATATACCTTCTCGAGCCTTCTGTTGGGTTAA
CCTGAAGAAGTAATCCCAGCAAGTGTTTCCAAGATGTGCAGGCAACGATT
CTGTAAAGTACTGAAGCCTCATTCAAACATAGTATATGTGCTGCCGAAGC
GAGCACTTAACAAGGCTTGCGGCCGCtacttgtacagetegtecatgecyg
agagtgatcceggceggeggtcacgaactecagcaggaccatgtgategeg
cttetegttggggtetttgctcagggeggactgggtgetcaggtagtggt
tgtecgggcageagcacggggcecgtegecgatgggggtgttetgetggtag
tggteggcegagetgcacgetgecgtectegatgttgtggeggatettgaa
gttcaccttgatgecgttcettetgettgteggecatgatatagacgttgt
ggctgttgtagttgtactccagettgtgecccaggatgttgeegtectee
ttgaagtcgatgcccttcagetegatgeggttcaccagggtgtegeecte
gaacttcacctceggegegggtettgtagttgeegtegtecttgaagaaga
tggtgegetectggacgtagecttegggecatggeggacttgaagaagteg
tgctgettecatgtggteggggtageggetgaagecactgcacgecgtaggt
cagggtggtcacgagggtgggccagggecacgggcagcettgeeggtggtge
agatgaacttcagggtcagcttgecgtaggtggcategecctegeecteg
ccggacacgcetgaacttgtggecgtttacgtegeegtecagetegaccag
gatgggcaccaccccggtgaacagetectegececttgetecaccatggtgyg
cgaccggtataacttcgtataaggtatcectatacgaagttatccattcag
gctgtgctagcatcaatggcatggcacaaagcettagecataacttegtat
aatgtgtactatacgaagttatcccgggtt.

GFP-miR30 flanked by a single 1oxP site, as FLIP would
look after Cre-mediated recombination, has a sequence as
follows:

(SEQ ID NO: 5)
atggATAACTTCGTATAggat acct TATACGAAGTTATaccggtecgecac

catggtgagcaagggcegaggagetgttcaceggggtggtgeccatectygg
tcgagetggacggegacgtaaacggecacaagttecagegtgtecggegag
ggcgagggcgatgecacctacggcaagetgacectgaagtteatetgeac
caccggcaagctgecegtgecctggeccacectegtgaccacectgaccet
acggcgtgcagtgettecagecgetacecegaccacatgaagcageacgac
ttcttcaagtceegecatgeccgaaggetacgtecaggagegeaceatett
cttcaaggacgacggcaactacaagaccegegecgaggtgaagttegagg
gcgacaccctggtgaaccegcategagetgaagggcategacttcaaggag
gacggcaacatcctggggcacaagcetggagtacaactacaacagecacaa
cgtctatatcatggecgacaagcagaagaacggeatcaaggtgaacttca
agatccgecacaacategaggacggecagegtgecagetegecgaccactac
cagcagaacaccceccateggegacggeceegtgetgetgeccgacaacca

ctacctgagcacccagtecgecctgagcaaagaceccaacgagaagegeg
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atcacatggtcectgcetggagttegtgacegecgecgggatcactetegge
atggacgagctgtacaagtaGCGGCCGCAAGCCTTGTTAAGTGCTCGCTT
CGGCAGCACATATACTATGTTTGAATGAGGCTTCAGTACTTTACAGAATC
GTTGCCTGCACATCTTGGAAACACTTGCTGGGATTACTTCTTCAGGTTAA
CCCAACAGAAGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCCAC
TACAAGTACATGTGTAATAGTGAAGCCACAGATGTATTACACATGTACTT
GTAGTGGATGCCTACTGCCTCGGAATTCAAGGGGCTACTTTAGGAGCAAT
TATCTTGTTTACTAAAACTGAATACCTTGCTATCTCTTTGATACATTTTT
ACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTTTTTCAATTGGAA
GACTAATGCGTTTAAACATAACTTCGTATAatgtgt acTATACGAAGTTA
Tggct.

pLB2 comprising the FLIP cassette comprising an intron
with restriction sites Notl-Pmel and has a sequence as fol-
lows:

(SEQ ID NO: 6)
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACA

ATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGT
GTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGC
AAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTT
GCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATT
GACTAGTcatgttctttectgegttatccecectgattctgtggataacegt
attaccgectttgagtgagctgataccgetegecgecagecgaacgaccga
gegeagcegagtcagtgagecgaggaageggaagagegeccaatacgcaaac
cgecteteccegegegttggecgattecattaatgecagetggecacgacagg
tttececgactggaaagegggcagtgagegecaacgcaattaatgtgagtta
gctcactcattaggcaccccaggcetttacactttatgettecggetegta
tgttgtgtggaattgtgagcggataacaatttcacacaggaaacagetat
gaccatgattacgccaagcgegcaattaaccctagettaatgtagtetta
tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatg
ccttacaaggagagaaaaagcaccgtgecatgecgattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacgggtetgacatggat
tggacgaaccactgaattgccgecattgcagagatattgtatttaagtgec
tagctecgatacaataaacgggtetetcetggttagaccagatetgagectyg
ggagctcetectggctaactagggaacccactgettaagectcaataaaget
tgccttgagtgettcaagtagtgtgtgecegtetgttgtgtgactetggt
aactagagatccctcagacccttttagtcagtgtggaaaatctctagecag
tGGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTC
TCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGTC
GGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAG
AGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGCG

ATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAAAATATAAATTAA
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AACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCT
GGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACA
ACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAG
TAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAG
GAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGC
ACAGCAAGCGGCCGGCCGCGCTGATCTTCAGACCTGGAGGAGGAGATATG
AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGA
ACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAG
AAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCA
GCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTA
TTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAG
CTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCT
CCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGC
CTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAAT
ACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAG
AATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATA

ACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTT

GGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTA
GGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGG
GGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAG
AGACAGATCCATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAATTC
TGCAGACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT
TGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACA
TACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGG
GTTTATTACAGGGACAGCAGAGATCCAGTTTGGTTAGTACCGGGCCCGGT
GCTTTGCTCTGAGCCAGCCCACCAGTTTGGAATGACTCCTTTTTATGACT
TGAATTTTCAAGTATAAAGTCTAGTGCTAAATTTAATTTGAACAACTGTA
TAGTTTTTGCTGGTTGGGGGAAGGAAAAAAAATGGTGGCAGTGTTTTTTT
CAGAATTAGAAGTGAAATGAAAACTTGTTGTGTGTGAGGATTTCTAATGA
CATGTGGTGGTTGCATACTGAGTGAAGCCGGTGAGCATTCTGCCATGTCA
CCCCCTCGTGCTCAGTAATGTACTTTACAGAAATCCTAAACTCAAAAGAT
TGATATAAACCATGCTTCTTGTGTATATCCGGTCTCTTCTCTGGGTAGTC
TCACTCAGCCTGCATTTCTGCCAGGGCCCGCTCTAGATCTAGACGGTTGA
TCTggccteegegeegggttttggegectecegegggegecceectecte
acggcgagegcetgecacgtcagacgaagggegeaggagegttectgatee
ttcegeceggacgetcaggacageggecegetgetecataagacteggect
tagaaccccagtatcagcagaaggacattttaggacgggacttgggtgac

tctagggcactggttttetttecagagageggaacaggegaggaaaagta
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gtcectteteggegattetgeggagggatceteegtggggeggtgaacgee

gatgattatataaggacgcgcegggtgtggecacagetagtteegtegeag
cegggatttgggtegeggttettgtttgtggategetgtgategtecactt
ggtgagttgcgggetgetgggcetggecggggetttegtggecgecgggec
geteggtgggacggaagegtgtggagagacegecaagggetgtagtetgyg
gtcegegageaaggttgecctgaactgggggt tggggggagegeacaaaa
tggceggctgttecegagtettgaatggaagacgettgtaaggegggetgt
gaggtcgttgaaacaaggtggggggcatggtgggeggcaagaacccaagyg
tcttgaggecttegetaatgegggaaagetettattegggtgagatggge
tggggcaccatctggggacectgacgtgaagtttgtcactgactggagaa
ctegggtttgtegtetggttgegggggeggecagttatgeggtgeegttgg
gecagtgcaccegtacctttgggagegegegectegtegtgtegtgacgte
accegttetgttggettataatgeagggtggggecacctgecggtaggtyg
tgcggtaggetttteteegtegeaggacgecagggttegggectagggtag
getetectgaatcgacaggegecggacctetggtgaggggagggataagt
gaggcgtcagtttetttggteggttttatgtacctatettettaagtage
tgaagctccggttttgaactatgegeteggggttggegagtgtgttttgt
gaagttttttaggcaccttttgaaatgtaatcatttgggtcaatatgtaa
ttttcagtgttagactagtaaattgtcegetaaattetggeegtttttgg
cttttttgttagacGAAGTACGCGCTAGCCGTTAATAAGCCTCGATGCgY
atccataacttegtataggataccttatacgaagttatctcaggtaccege
caccatgaccgagtacaageccacggtgegectegecacecegegacgacg
tcecccagggecgtacgecacectegecgeecgegttegecgactaceeegec
acgcgecacaccgtegateeggacegecacategagegggtcacegaget
gcaagaactcttectcacgegegtegggetcgacat cggcaaggtgtggyg
tecgeggacgacggegecgeggtggeggtetggaccacgecggagagegte
gaagcgggggceggtgttegecgagateggecegegeatggecgagttgag
cggtteceggetggecgegeageaacagatggaaggectectggegeege
accggeccaaggageccgegtggttectggecacegteggegtetegece
gaccaccagggcaagggtcetgggcagegeegtegtgetccceggagtgga
ggcggecgagegegeeggggtgecegecttectggagacectecgegeaea
gcaacctececttetacgageggeteggetteacegtecacegecgacgte
gaggtgcccgaaggaccgegcacctggtgeatgaceegeaageceggtge
cctgtacaagaaacagaaaattgtggcaccagtgaaacagactttgaatt
ttgaccttectcaagttggegggagacgtegagtecaacectgggeccatyg
aacccagccatcagegtegetetectgetetecagtettgeaggtgteceg
agggcagaaggtgaccagectgacagectgectggtgaaccaaaacctte
gectggactgecgecatgagaataacaccaaggataactecatecageat
gagttcagcctgaccegagagaagaggaagcacgtgetetcaggecacecet
cgggataccegagcacacgtacegetecegegtecacectetecaaccage

cctatatcaaggtecttacectagecaacttcaccaccaaggatgaggge
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gactacttttgtgagcecttcgagtctegggegegaatceccatgagetecaa
taaaagtatcagtgtgtatagagacaaactggtcaagtgtggcggcataa
gectgetggttcagaacacatcectggatgetgetgetgetgettteccte
tcectectecaagecctggactteatttetetgtgatectagaagecataa
cttcgtatagtacacattatacgaagttatgttt ATGCATACCTGGAGGA
AAAAAAAANGGGGAGAGTCAGGGTTTAAACCTGGAATGAAAGGTCAAGGT
GTGACGTCAGCTTGGGCGGCCGCCCACTCACCTGCAATTGGGCCGC Ctact
tgtacagctegtecatgecgagagtgateceggeggeggtecacgaactec
agcaggaccatgtgatcgegettetegttggggtetttgetecagggegga
ctgggtgctcaggtagtggttgtegggcagecagecacggggecgtegecga
tgggggtgttectgctggtagtggteggegagetgecacgetgeegtecteg
atgttgtggeggatcttgaagttcaccttgatgeegttettetgettgte
ggccatgatatagacgttgtggetgttgtagttgtactecagettgtgee
ccaggatgttgecgtectecttgaagtegatgeccttcagetegatgegg
ttcaccagggtgtcegecctcegaacttcaccteggegegggtettgtagtt
gcegtegtecttgaagaagatggtgegetectggacgtagecttegggea
tggcggacttgaagaagtegtgetgetteatgtggteggggtageggetyg
aagcactgcacgccgtaggtcagggtggteacgagggtgggecagggeac

gggcagcttgccggtggtgcagatgaacttcagggtcagettgecgtagy
tggcatcgeectegecctegecggacacgetgaacttgtggeegtttacg
tcgeegtecagetcgaccaggatgggcaccacceeggtgaacagetecte
gcecttgetecaccatggtggegaceggtataacttegtataaggtatect
atacgaagttatccattcaggctgtgctagcatcaatggcatggcacaaa
gcttagccataacttcecgtataatgtgtactatacgaagttatcccTGTTT
AAGGGTTCCGGTTCCACTAGGTACAATTCGATATCAAGCTTATCGATAAT
CAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTA
TGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATC
ATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCC
TGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGG
CGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTG
CCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATT
GCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGT
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGT
CCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACG
TCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCG
CGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTC
AGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGA
CCTCGATCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAATACAG
CAGCTACCAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAG

GTGGGTTTTCCAGTCACACCTCAGGTACCAAGCATGGGGTAAAGTACTGT
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TCTCATCACATCATATCAAGGTTATATACCAT CAATATTGCCACAGATGT

TACTTAGCCTTTTAATATTTCTCTAATTTAGTGTATATGCAATGATAGTT

CTCTGATTTCTGAGATTGAGTTTCTCATGTGTAATGATTATTTAGAGTTT

CTCTTTCATCTGTTCAAATTTTTGTCTAGTTTTATTTTTTACTGATTTGT

AAGACTTCTTTTTATAATCTGCATATTACAATTCTCTTTACTGGGGTGTT

GCAAATATTTTCTGTCATTCTATGGCCTGACTTTTCTTAATGGTTTTTTA

ATTTTAAAAATAAGTCTTAATATTCATGCAATCTAATTAACAATCTTTTC

TTTGTGGTTAGGACTTTGAGT CATAAGAAATTTTTCTCTACACTGAAGTC

ATGATGGCATGCTTCTATATTATTTTCTAAAAGATTTAAAGTTTTGCCTT

CTCCATTTAGACTTATAATTCACTGGAATTTTTTTGTGTGTATGGTATGA

CATATGGGTTCCCTTTTATTTTTTACATATAAATATATTTCCCTGTTTTT

CTAAAAAAGAAAAAGATCATCATTTTCCCATTGTAAAATGCCATATTTTT

TTCATAGGTCACTTACATATATCAATGGGTCTGTTTCTGAGCTCTACTCT

ATTTTATCAGCCTCACTGTCTATCCCCACACATCTCATGCTTTGCTCTAA

ATCTTGATATTTAGTGGAACATTCTTTCCCATTTTGTTCTACAAGAATAT

TTTTGTTATTGTCTTTTGGGCTTCTATATACATTTTAGAATGAGGTTGGC

AAGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCA

CTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAGCTGC

TTTTTGCCTGTACTGGGTCTCTCTGGT TAGACCAGATCTGAGCCTGGGAG

CTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCATAAAGCTCGACT

GTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTC

CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG

AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGG

GTGGGGCAGGACAGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGC

TGGGGATGCGGTCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGATCTG

AGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAAT

ARAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGAC

TCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTC

TAGCAGCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAARGG

CCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCAC

AAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAG

ATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGA

CCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG

GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGT

TCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCT

GCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC

TTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTA

TGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACA

CTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTC

GGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG

CGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAALAGGAT
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CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAAC
GAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA
TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA
CCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTG
CTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCA
ATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT
ATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTA
GTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATC
GTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTA
GCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTA
TCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATC
CGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAG
AATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGAT
AATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACG
TTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTT
CGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTC
ACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAA
GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTC
AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATA
TTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGAC.

pLB2 comprising the FLIP cassette with the miR30 target-
ing FireFly luciferase in the antisense orientation was con-
structed, with a sequence as follows:

(SEQ ID NO: 7)
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACA

ATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGT
GTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGC
AAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTT
GCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATT
GACTAGTcatgttctttectgegttatceccectgattctgtggataacegt
attaccgectttgagtgagctgataccgetegecgecagecgaacgaccga
gegeagegagtcagtgagecgaggaageggaagagegeccaatacgcaaac
cgecteteceegegegttggecgattcattaatgeagetggecacgacagg
tttececgactggaaagegggcagtgagegecaacgcaattaatgtgagtta
gctcactcattaggcaccccaggcetttacactttatgettecggetegta
tgttgtgtggaattgtgagcggataacaatttcacacaggaaacagetat

gaccatgattacgccaagcgcegcaattaaccctagettaatgtagtetta
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tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatg
ccttacaaggagagaaaaagcaccgtgcatgecgattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacgggtctgacatggat
tggacgaaccactgaattgccgecattgcagagatattgtatttaagtgece
tagctcgatacaataaacgggtctctctggttagaccagatctgagectyg
ggagctctctggctaactagggaacccactgcttaagectcaataaaget
tgccttgagtgettcaagtagtgtgtgecegtetgttgtgtgactetggt
aactagagatccctcagacccttttagtcagtgtggaaaatctctageag
tGGCGCCCGAACAGGGACT TGAAAGCGAAAGGGAAACCAGAGGAGCTCTC
TCGACGCAGGACTCGGC TTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGC
GGCGACTGGTGAGTACGCCAAAAATTT TGACTAGCGGAGGCTAGAAGGAG
AGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGCG
ATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAA
AACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCT
GGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACA
ACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAG
TAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAG
GAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGC
ACAGCAAGCGGCCGGCCGCGCTGATCTTCAGACCTGGAGGAGGAGATATG
AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGA
ACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAG
AAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCA
GCAGGAAGCACTATGGGCGCAGCGTCAATGACGC TGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTA
TTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAG
CTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTARAGGATCAACAGCT
CCTGEGGATTTGGGGTTGCTCTGGARAACT CATT TGCACCACTGCTGTGC
CTTGGAATGC TAGTTGGAGTAATAAAT CTCTGGAACAGAT TTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAAT
ACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAG
AATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATA
ACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTT
GGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTA
GGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGE
GGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAG
AGACAGATCCATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAATTC
TGCAGACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT
TGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACA
TACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGG

GTTTATTACAGGGACAGCAGAGATCCAGTTTGGTTAGTACCGGGCCCGGT
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GCTTTGCTCTGAGCCAGCCCACCAGTTTGGAATGACTCCTTTTTATGACT

TGAATTTTCAAGTATAAAGTCTAGTGCTAAATTTAATTTGAACAACTGTA
TAGTTTTTGCTGGTTGGGGGAAGGAAAAAAAATGGTGGCAGTGTTTTTTT
CAGAATTAGAAGTGAAATGAAAACTTGTTGTGTGTGAGGATTTCTAATGA
CATGTGGTGGTTGCATACTGAGTGAAGCCGGTGAGCATTCTGCCATGTCA
CCCCCTCGTGCTCAGTAATGTACTTTACAGAAATCCTAAACTCAAAAGAT
TGATATAAACCATGCTTCTTGTGTATATCCGGTCTCTTCTCTGGGTAGTC
TCACTCAGCCTGCATTTCTGCCAGGGCCCGCTCTAGATCTAGACGGTTGA
TCTggccteegegeegggttttggegectecegegggegecceectecte
acggcgagegcetgecacgtcagacgaagggegeaggagegttectgatee
ttcegeceggacgetcaggacageggecegetgetecataagacteggect
tagaaccccagtatcagcagaaggacattttaggacgggacttgggtgac
tctagggcactggttttetttecagagageggaacaggegaggaaaagta
gtcectteteggegattetgeggagggateteegtggggeggtgaacgee
gatgattatataaggacgcgccegggtgtggecacagetagtteegtegeag
cegggatttgggtegeggttettgtttgtggategetgtgategtcactt
ggtgagttgcgggetgetgggetggecggggetttegtggecgecgggec
geteggtgggacggaagegtgtggagagacegecaagggetgtagtetgg
gtcegegageaaggttgecctgaactgggggt tggggggagegeacaaaa
tggcggctgttecegagtettgaatggaagacgettgtaaggegggetgt
gaggtcgttgaaacaaggtggggggcatggtgggeggcaagaacccaagyg
tcttgaggecttegetaatgegggaaagetettattegggtgagatggge
tggggcaccatctggggacectgacgtgaagtttgtcactgactggagaa
ctegggtttgtegtetggttgegggggeggeagttatgeggtgeegttgg
gcagtgcaccegtacctttgggagegegegectegtegtgtegtgacgte
accegttetgttggettataatgeagggtggggecacctgecggtaggtyg
tgcggtaggetttteteegtegeaggacgecagggttegggectagggtag
gcetetectgaategacaggegecggacctetggtgaggggagggataagt
gaggcgtcagtttetttggteggttttatgtacctatettettaagtage
tgaagctecggttttgaactatgegeteggggttggegagtgtgttttgt
gaagttttttaggcaccttttgaaatgtaatcatttgggtcaatatgtaa
ttttcagtgttagactagtaaattgteccgctaaattetggeegtttttgg
cttttttgttagacGAAGTACGCGCTAGCCGTTAATAAGCCTCGATGCgY
atccataacttegtataggataccttatacgaagttatctcaggtacege
caccatgaccgagtacaageccacggtgegectegecaccegegacgacg
tccccagggecgtacgecacectegecgeegegttegecgactaceeegee
acgcgecacaccegtegateeggacegecacategagegggt cacegaget
gcaagaactcttectcacgegegtegggetegacatcggeaaggtgtggy
tegeggacgacggegecgeggtggeggt ctggaccacgecggagagegte
gaagcgggggcggtgttegecgagat cggecegegeatggecgagttgag

cggtteceggetggecgegeageaacagatggaaggectectggegeege
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accggeccaaggageccgegtggttectggecacegteggegtetegecee
gaccaccagggcaagggtcetgggcagegecgtegtgetecceggagtgga
ggcggecgagegegecggggtgecegecttectggagacctecgegecee
gcaaccteceecttetacgageggeteggettecacegtecaccgecgacgte
gaggtgcccgaaggaccgegeacctggtgcatgacceegecaageceggtge
cctgtacaagaaacagaaaattgtggcaccagtgaaacagactttgaatt
ttgaccttcetecaagttggegggagacgtegagtecaaccectgggeccatyg
aacccagccatcagegtegetetectgetetecagtettgecaggtgtecga
gggcagaaggtgaccagcctgacagectgectggtgaaccaaaacctteg
cctggactgecgecatgagaataacaccaaggataactcecatcecageatg
agttcagcctgacccgagagaagaggaagcacgtgetetecaggcacecte
gggatacccgagcacacgtaccgcteccgegteacectetecaaccagee
ctatatcaaggtccttaccctagecaacttcaccaccaaggatgagggeg
actacttttgtgagcttcegagtetegggegegaateccatgagetecaat
aaaagtatcagtgtgtatagagacaaactggtcaagtgtggcggcataag
cctgectggttecagaacacatcectggatgetgetgetgetgettteeetet
cectectecaagecctggactteatttetetgtgatctagaagecataac
ttcgtatagtacacattatacgaagttatgtttATGCATACCTGGAGGAA
AAAAAAAAGGGGAGAGTCAGGGgtttaaacgcattagtcttceccaattgaa
aaaagtgatttaatttataccattttaattcagctttgtaaaaatgtatce
aaagagatagcaaggtattcagttttagtaaacaagataattgctcectaa
agtagccccttgaattcCGAGGCAGTAGGCAGGCTCCCGCTGAATTGGAA
TCCTACATCTGTGGCTTCACTAGGATTCCAATTCACGGGAGCTCGCTCAC
TGTCAACAGCAATATACCTTctcgagecttctgttgggttaacctgaaga
agtaatcccagcaagtgtttccaagatgtgcaggcaacgattetgtaaag
tactgaagcctcattcaaacatagtatatgtgctgecgaagegageactt
aacaaggcttgceggccgcCCACTCACCTGCAATTGGGCCGCtacttgtac
agctegtecatgcecgagagtgatceccggeggeggteacgaactcecageag
gaccatgtgatcgegettetegttggggtetttgetcagggeggactggyg
tgctcaggtagtggttgtegggecagcageacggggecgtegecgatgggyg
gtgttctgetggtagtggteggegagetgcacgetgeegtectegatgtt
gtggcggatcttgaagttcaccttgatgeegttettetgettgteggeca
tgatatagacgttgtggetgttgtagttgtactecagettgtgececagg
atgttgccegtectecttgaagtegatgeccttcecagetegatgeggttcac
cagggtgtegecctegaacttcaccteggegegggtettgtagttgeegt
cgtecttgaagaagatggtgegetectggacgtagecttegggcatggeg
gacttgaagaagtcgtgctgettcatgtggteggggtageggetgaagea
ctgcacgccgtaggtcagggtggtcacgagggtgggecagggcacgggea
gettgceggtggtgecagatgaacttecagggtecagettgecgtaggtggea

tcgecctegecctegecggacacgetgaacttgtggecgtttacgtegee
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gtccagctecgaccaggatgggcaccacccceggtgaacagetectegecct

tgctcaccatggtggcgaccggtataacttegtataaggtatectatacg
aagttatccattcaggetgtgctagcatcaatggcatggcacaaagetta
gccataacttcgtataatgtgtactatacgaagttatcccTGTTTAAGGG
TTCCGGTTCCACTAGGTACAATTCGATATCAAGCTTATCGATAATCAACC
TCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTG
CTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCT
ATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTT
GCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGG
TGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC
ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGC
TGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTT
CCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTT
CTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCC
TGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACG
AGTCGGATCTCCCTTTGGGCGCCTCCCCGCATCGATACCGTCAGACCTCG
ATCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAATACAGCAGCT
ACCAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGG
TTTTCCAGTCACACCTCAGGTACCAAGCATGGGGTAAAGTCTGTTCTCAT
CACATCATATCAAGGTTATATACCATCAATATTGCCACAGATGTTACTTA
GCCTTTTAATATTTCTCTAATTTAGTGTATATGCAATGATAGTTCTCTGA

TTTCTGAGATTGAGTTTCTCATGTGTAATGATTATTTAGAGTTTCTCTTT

CATCTGTTCAAATTTTTGTCTAGTTTTATTTTTTACTGATTTGTAAGACT

TCTTTTTATAATCTGCATATTACAATTCTCTTTACTGGGGTGTTGCAAAT

ATTTTCTGTCATTCTATGGCCTGACTTTTCTTAATGGTTTTTTAATTTTA

AAAATAAGTCTTAATATTCATGCAATCTAATTAACAATCTTTTCTTTGTG

GTTAGGACTTTGAGTCATAAGAAATTTTTCTCTACACTGAAGTCATGATG

GCATGCTTCTATATTATTTTCTAAAAGATTTAAAGTTTTGCCTTCTCCAT

TTAGACTTATAATTCACTGGAATTTTTTTGTGTGTATGGTATGACATATG

GGTTCCCTTTTATTTTTTACATATAAATATATTTCCCTGTTTTTCTAAAA

AAGAAAAAGATCATCATTTTCCCATTGTAAAATGCCATATTTTTTTCATA

GGTCACTTACATATATCAATGGGTCTGTTTCTGAGCTCTACTCTATTTTA

TCAGCCTCACTGTCTATCCCCACACATCTCATGCTTTGCTCTARATCTTG

ATATTTAGTGGAACATTCTTTCCCATTTTGTTCTACAAGAATATTTTTGT

TATTGTCTTTTGGGCTTCTATATACATTTTAGAATGAGGTTGGCAAGGTA

CCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTT

AAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAGCTGCTTTTTG

CCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCT

GGCTAACTAGGGAACCCACTGCTTAAGCCTCATAAAGCTCGACTGTGCCT

TCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
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CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGARAATTG
CATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGG
CAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGA
TGCGGTCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTG
GGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATARAGCT
TGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGT
AACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAG
CATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCA
GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTC
CAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCT
TATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCG
CCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAA
GAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG
TTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAAC
TCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTA
GATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATG
AGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATC
TCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGT
GTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGC
CTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGC
CAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTG
TCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATC
AAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTC
ATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACC
GCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGC

GTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAALAGGGAAT
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AAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATT

ATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAA
TGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAA
AGTGCCACCTGAC

pLB2 comprising the FLIP cassette with the miR30 target-
ing a4 integrin in the antisense orientation was constructed,
with a sequence as follows:

(SEQ ID NO: 8)
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACA

ATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGT
GTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGC
AAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTT
GCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATT
GACTAGTcatgttctttectgegttatceccectgattctgtggataacegt
attaccgectttgagtgagctgataccgetegecgecagecgaacgaccga
gegeagegagtcagtgagecgaggaageggaagagegeccaatacgcaaac
cgecteteceegegegttggecgattcattaatgeagetggecacgacagg
tttececgactggaaagegggcagtgagegecaacgcaattaatgtgagtta
gctcactcattaggcaccccaggcetttacactttatgettecggetegta
tgttgtgtggaattgtgagcggataacaatttcacacaggaaacagetat
gaccatgattacgccaagcgegcaattaaccctagettaatgtagtetta
tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatg
ccttacaaggagagaaaaagcaccgtgcatgecgattggtggaagtaagg
tggtacgatcgtgcecttattaggaaggcaacagacgggtctgacatggat
tggacgaaccactgaattgccgecattgcagagatattgtatttaagtgec
tagctcgatacaataaacgggtetetetggttagaccagatetgagectyg
ggagctcetectggctaactagggaacccactgettaagectcaataaaget
tgccttgagtgecttcaagtagtgtgtgecegtetgttgtgtgactetggt
aactagagatccctcagacccttttagtcagtgtggaaaatctctagecag
tGGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTC
TCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGTC
GGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAG
AGAGATGGGTGCGAGAGCGTCAGTAT TAAGCGGGGGAGAATTAGATCGCG
ATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAA
AACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCT
GGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACA
ACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAG
TAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAG
GAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGC
ACAGCAAGCGGCCGGCCGCGCTGATCTTCAGACCTGGAGGAGGAGATATG

AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGA



US 9,043,994 B2

49

-continued
ACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAG

AAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCA
GCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTA
TTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAG
CTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCT
CCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGC
CTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAAT
ACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAG
AATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATA
ACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTT
GGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTA
GGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGG
GGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGAGAC
AGAGACAGATCCATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAAT
TCTGCAGACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGG
ATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGA
CATACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTC
GGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGTTAGTACCGGGCCCG
GTGCTTTGCTCTGAGCCAGCCCACCAGTTTGGAATGACTCCTTTTTATGA
CTTGAATTTTCAAGTATAAAGTCTAGTGCTAAATTTAATTTGAACAACTG
TATAGTTTTTGCTGGTTGGGGGAAGGAAAAAAAATGGTGGCAGTGTTTTT
TTCAGAATTAGAAGTGAAATGAAAACTTGTTGTGTGTGAGGATTTCTAAT
GACATGTGGTGGTTGCATACTGAGTGAAGCCGGTGAGCATTCTGCCATGT
CACCCCCTCGTGCTCAGTAATGTACTTTACAGAAATCCTAAACTCAAAAG
ATTGATATAAACCATGCTTCTTGTGTATATCCGGTCTCTTCTCTGGGTAG
TCTCACTCAGCCTGCATTTCTGCCAGGGCCCGCTCTAGATCTAGACGGTT
GATCTggcctceccecgegecgggttttggegectecegegggegecceectee
tcacggcgagegctgecacgtcagacgaagggegeaggagegttectgat
cettecgeceggacgetcaggacageggeccgetygetcataagactegge
cttagaaccccagtatcagcagaaggacattttaggacgggacttgggtyg
actctagggcactggttttcetttcecagagageggaacaggcgaggaaaag
tagtcectteteggegattetgeggagggateteegtggggeggtgaacyg
ccgatgattatataaggacgegecgggtgtggcacagetagtteegtege
agccgggatttgggtegeggttettgtttgtggategetgtgategteac
ttggtgagttgcegggetgetgggetggecggggetttegtggecgecgygyg
cegeteggtgggacggaagegtgtggagagaccegecaagggetgtagtet
gggtccegegagcaaggttgecctgaactgggggt tggggggagegecacaa

aatggcggctgtteccgagtettgaatggaagacgettgtaaggeggget

gtgaggtcgttgaaacaaggtggggggcatggtgggeggcaagaacccaa
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ggtettgaggcecttegetaatgegggaaagetettattegggtgagatgyg
gctggggecaccatctggggacectgacgtgaagtttgtecactgactggag
aactcgggtttgtegtetggttgegggggeggcagttatgeggtgeegtt
gggcagtgcacccegtacctttgggagegegegectegtegtgtegtgacy
tcaccegttetgttggettataatgecagggtggggecacctgecggtagg
tgtgeggtaggettttetecgtegecaggacgcagggttegggectagggt
aggctetectgaatcgacaggegecggacctetggtgaggggagggataa
gtgaggcgtcagtttetttggteggttttatgtacctatettettaagta
gctgaagetecggttttgaactatgegeteggggttggegagtgtgtttt
gtgaagttttttaggcaccttttgaaatgtaatcatttgggtcaatatgt
aattttcagtgttagactagtaaattgtccgctaaattctggecegttttt
ggcttttttgttagacGAAGTACGCGCTAGCCGTTAATAAGCCTCGATGC
ggatccataacttcgtataggataccttatacgaagttatctcaggtace
gccaccatgaccgagtacaageccacggtgegectegecaccegegacga
cgteeccagggecgtacgecacectegecgecgegttegecgactaceeeg
ccacgegecacaccgtegatecggaccgecacategagegggtcacegag
ctgcaagaactcttectcacgegegtegggetegacateggecaaggtgtyg
ggtegeggacgacggegecgeggtggeggtetggaccacgecggagageyg
tcgaagegggggeggtgttegecgagateggecegegeatggecgagttyg
agcggtteceggetggecgegecagcaacagatggaaggectectggegece
gcaccggeccaaggageccgegtggttectggecacegteggegtetege
ccgaccaccagggcaagggtetgggcagegeegtegtgetecccggagtyg
gaggcggecgagcegegecggggtgecegecttectggagacctecgegee
ccgcaacctececttectacgageggeteggettecacegtcacegecgacyg
tcgaggtgeccgaaggaccgegeacctggtgeatgaccegecaageceggt
gcectgtacaagaaacagaaaattgtggcaccagtgaaacagactttgaa
ttttgaccttectcaagttggegggagacgtegagtecaacectgggecca
tgaacccagcecatcagegtegetetectgetetecagtettgeaggtgtec
cgagggcagaaggtgaccagectgacagectgectggtgaaccaaaacct
tcgectggactgecgecatgagaataacaccaaggataactecatcecage
atgagttcagectgacccgagagaagaggaagcacgtgcetcetecaggeace
ctegggatacccgagcacacgtacegceteccgegteacectetecaacca
gcectatatcaaggtecttaccectagecaacttecaccaccaaggatgagyg
gcgactacttttgtgagettegagtetegggegegaateccatgagetee
aataaaagtatcagtgtgtatagagacaaactggtcaagtgtggceggeat
aagcctgetggttcagaacacatectggatgetgetgetgetgetttece
tcteectectecaagecctggactteatttetetgtgatctagaagecat
aacttcgtatagtacacattatacgaagttatgtttATGCATACCTGGAG
GAAAAAAAANNGGGGAGAGTCAGGGgtttaaacgcattagtettecaatt

gaaaaaagtgatttaatttataccattttaattcagctttgtaaaaatgt
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atcaaagagatagcaaggtattcagttttagtaaacaagataattgctce

taaagtagcccecttgaaTCCGAGGCAGTAGGCATGGGCATCATGTGATCA
CCAAATACATCTGTGGCTTCACTATTTGGTGATCACATGATGCCCGCGCT
CACTGTCAACAGCAATATACCTTctcgagccttectgttgggttaacctga
agaagtaatcccagcaagtgtttccaagatgtgcaggcaacgattcetgta
aagtactgaagcctcattcaaacatagtatatgtgetgecgaagegagea
cttaacaaggcttgcggccgcCCACTCACCTGCAATTGGGCCGCtacttyg
tacagctcegtecatgecgagagtgatceeggeggeggtcacgaactecag
caggaccatgtgatcgegettetegttggggtetttgetecagggeggact
gggtgctcaggtagtggttgtegggecagcagecacggggecgtegeecgatyg
ggggtgttcectgctggtagtggteggegagetgeacgetgecgtectegat
gttgtggeggatcttgaagttcaccttgatgeegttettetgettgtegy
ccatgatatagacgttgtggetgttgtagttgtactcecagettgtgeccee
aggatgttgccgtectecttgaagtegatgecctteagetegatgeggtt
caccagggtgtegeectegaacttecaccteggegegggtettgtagttge
cgtegtecttgaagaagatggtgegetectggacgtagecttegggeatyg
geggacttgaagaagtegtgetgetteatgtggteggggtageggetgaa
geactgcacgccgtaggtcagggtggtcacgagggtgggecagggecacgg
geagcttgecggtggtgcagatgaacttcagggtcagettgecgtaggty
gecatcgeectegecctegecggacacgetgaacttgtggecgtttacgte
geegtecagetcegaccaggatgggcaccacceeggtgaacagetectege
ccttygetcaccatggtggcgaceggtataacttegtataaggtatectat
acgaagttatccattcaggctgtgctageatcaatggcatggcacaaage
ttagccataacttcgtataatgtgtactatacgaagttatcccTGTTTAA
GGGTTCCGGTTCCACTAGGTACAATTCGATATCAAGCTTATCGATAATCA
ACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATG
TTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCAT
GCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTG
GTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCG
TGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCC
ACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGC
CACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTC
GGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCC
TTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTC
CTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCG
GCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAG
ACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACC
TCGATCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAATACAGCA
GCTACCAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGT
GGGTTTTCCAGTCACACCTCAGGTACCAAGCATGGGGTAAAGTACTGTTC

TCATCACATCATATCAAGGTTATATACCATCAATATTGCCACAGATGTTA
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CTTAGCCTTTTAATATTTCTCTAATT TAGTGTATATGCAATGATAGTTCT

CTGATTTCTGAGATTGAGTTTCTCATGTGTAATGATTATTTAGAGTTTCT

CTTTCATCTGTTCAAATTTTTGTCTAGTTTTATTTTTTACTGATTTGTAA

GACTTCTTTTTATAATCTGCATATTACAATTCTCTTTACTGGGGTGTTGC

AAATATTTTCTGTCATTCTATGGCCTGACTTTTCTTAATGGTTTTTTAAT

TTTAAAAATAAGTCTTAATATTCATGCAATCTAATTAACAATCTTTTCTT

TGTGGTTAGGACTTTGAGTCATAAGAAATTTTTCTCTACACTGAAGTCAT

GATGGCATGCTTCTATATTATTTTCTAAAAGATTTAAAGTTTTGCCTTCT

CCATTTAGACTTATAATTCACTGGAATTTTTTTGTGTGTATGGTATGACA

TATGGGTTCCCTTTTATTTTTTACATATAAATATATTTCCCTGTTTTTCT

AAAAAAGAAAAAGATCATCATTTTCCCATTGTAAAATGCCATATTTTTTT

CATAGGTCACTTACATATATCAATGGGTCTGTTTCTGAGCTCTACTCTAT

TTTATCAGCCTCACTGTCTATCCCCACACATCTCATGCTTTGCTCTAAAT

CTTGATATTTAGTGGAACATTCTTTCCCATTTTGTTCTACAAGAATATTT

TTGTTATTGTCTTTTGGGCTTCTATATACATTTTAGAATGAGGTTGGCAA

GGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACT

TTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAGCTGCTT

TTTGCCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCT

CTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCATAAAGCTCGACTGT

GCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCT

TGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAA

ATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGT

GGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTG

GGGATGCGGTCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAG

CCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAA

AGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTC

TGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTA

GCAGCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC

GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA

AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT

ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC

CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGC

GCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTC

GCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGC

GCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTT

ATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATG

TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT

AGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG

AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCG

GTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
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CAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGA

AAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAARAGTATA
TATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCG
TCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCT
GCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
ARAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT
TCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC
GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGC
TCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATC
ACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAA
TAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAA
TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTT
CTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCAC
CAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCARAAANGG
GAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAA
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCC

GAAAAGTGCCACCTGAC.

The MSCV FLIPi Puro2AThy1.1/human c-Myc-miR-p53
vector (SEQ ID NO: 21) comprised a sequence as follows:

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGT TCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG

CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
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GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC

AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
GTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACC
TAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACCGA
AGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCT
CTGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTA
CCACTCCCTTAAGTTTGACCTTAGGT CACTGGAAAGATGTCGAGCGGATC
GCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTG
CTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCT
TTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGC
CCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTT
GGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTC
CGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGT
TCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGG
CGCCGGAATTAGAtccataacttegtataggataccttatacgaagttat
ctcaggtaccgecaccatgaccgagtacaageccacggtgegectegeca
ccegegacgacgtecccagggecgtacgeacectegecgeegegttegee
gactacceegcecacgegcecacaccgtegateeggaccegecacategageyg
ggtcaccgagctgcaagaactettectecacgegegtegggetegacateg
gcaaggtgtgggtcgeggacgacggegecgeggtggeggtetggaccacy
ccggagagegtegaagegggggeggtgttegecgagateggeccgegeat
ggccgagttgageggtteceggetggecgegecagcaacagatggaaggee
tcetggegecgecaccggeccaaggagecegegtggttectggecacegte
ggcgtetegeccgaccaccagggcaagggtetgggcagegecgtegtget
ccecggagtggaggeggecgagegegecggggtgeccegecttectggaga
ccteegegeceegcaacctececttetacgageggeteggettcacegte
accgecgacgtegaggtgeccgaaggacegegceacctggtgeatgaceeg
caagcccggtgecctgtacaagaaacagaaaattgtggcaccagtgaaac
agactttgaattttgaccttctcaagttggegggagacgtegagtecaac
cctgggeccatgaacccagcecatcagegtegetetectgetetecagtett
gcaggtgtceccgagggcagaaggtgaccagectgacagectgectggtga
accaaaaccttegectggactgecgecatgagaataacaccaaggataac
tccatccagecatgagttcagectgacccgagagaagaggaagcacgtget
ctcaggcaccectegggataccegagcacacgtacegetecegegteacee
tctecaaccagecctatatcaaggtecttacectagecaacttcaccace
aaggatgagggcgactacttttgtgagettegagtetegggegegaatece
catgagctccaataaaagtatcagtgtgtatagagacaaactggtcaagt
gtggcggcataagectgctggttcagaacacatectggatgetgetgetyg
ctgctttecctetecctectecaagecctggactteatttetetgtgate
tagaagccataacttcgtatagtacacattatacgaagttatGTTTATGC

ATACCTGGAGGAAAAAAAANAGGGGAGAGTCAGGGGTTTAAACGCATTAG
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TCTTCCAATTGAAAAAAGTGATTTAATTTATACCATTTTAATTCAGCTTT
GTAAAAATGTATCAAAGAGATAGCAAGGTATTCAGTTTTAGTAAACAAGA
TAATTGCTCCTAAAGTAGCCCCTTGAATTCCGAGGCAGTAGGCATCCACT
ACAAGTACATGTGTAATACATCTGTGGCTTCACTATTACACATGTACTTG
TAGTGGGCGCTCACTGTCAACAGCAATATACCTTCTCGAGCCTTCTGTTG
GGTTAACCTGAAGAAGTAATCCCAGCAAGTGTTTCCAAGATGTGCAGGCA
ACGATTCTGTAAAGTACTGAAGCCTCATTCAAACATAGTATATGTGCTGC
CGAAGCGAGCACTTAACAAGGCTTGCGGCCGCCCACTCACCTGCAATTGT
CACGCACAAGAGTTCCGTAGCTGTTCAAGTTTGTGTTTCAACTGTTCTCG
TCGTTTCCGCAACAAGTCCTCTTCAGAAATGAGCTTTTGCTCCTCTGCTT
GGACGGACAGGATGTATGCTGTGGCTTTTTTAAGGATAACTACCTTGGGG
GCCTTTTCATTGTTTTCCAACTCCGGGATCTGGTCACGCAGGGCAAAARR
GCTCCGTTTTAGCTCGTTCCTCCTCTGGCGCTCCAAGACGTTGTGTGTTC
GCCTCTTGACATTCTCCTCGGTGTCCGAGGACCTGGGGCTGGTGCATTTT
CGGTTGTTGCTGATCTGTCTCAGGACTCTGACACTGTCCAACTTGACCCT
CTTGGCAGCAGGATAGTCCTTCCGAGTGGAGGGAGGCGCTGCGTAGTTGT
GCTGATGTGTGGAGACGTGGCACCTCTTGAGGACCAGTGGGCTGTGAGGA
GGTTTGCTGTGGCCTCCAGCAGAAGGTGATCCAGACTCTGACCTTTTGCC
AGGAGCCTGCCTCTTTTCCACAGAAACAACATCGATTTCTTCCTCATCTT
CTTGTTCCTCCTCAGAGTCGCTGCTGGTGGTGGGCGGTGTCTCCTCATGG
AGCACCAGGGGCTCGGGGCTGCCCTGCGGGGAGGACTCCGTCGAGGAGAG
CAGAGAATCCGAGGACGGAGAGAAGGCGCTGGAGTCTTGCGAGGCGCAGG
ACTTGGGCGAGCTGCTGTCGT TGAGAGGGTAGGGGAAGACCACCGAGGGG
TCGATGCACTCTGAGGCGGCGGCGCTCAGATCCTGCAGGTACAAGCTGGA
GGTGGAGCAGACGCTGTGGCCGCGGGCGGGGTTCGGGCTGCCGCTGTCTT
TGCGCGCAGCCTGGTAGGAGGCCAGCTTCTCTGAGACGAGCTTGGCGGCG
GCCGAGAAGCCGCTCCACATACAGTCCTGGATGATGATGTTTTGATGAAG
GTCTCGTCGTCCGGGTCGCAGATGAAACTCTGGTTCACCATGTCTCCTCC
CAGCAGCTCGGTCACCATCTCCAGCTGGTCGGCCGTGGAGAAGCTCCCGC
CACCGCCGTCGTTGTCTCCCCGAAGGGAGAAGGGTGTGACCGCAACGTAG
GAGGGCGAGCAGAGCCCGGAGCGGCGGCTAGGGGACAGGGGCGGGGTGGG
CAGCAGCTCGAATTTCTTCCAGATATCCTCGCTGGGCGCCGGGGGCTGCA
GCTCGCTCTGCTGCTGCTGCTGGTAGAAGTTCTCCTCCTCGTCGCAGTAG
AAATACGGCTGCACCGAGTCGTAGTCGAGGTCATAGTTCCTGTTGGTGAA
GCTAACGTTGAGGGGTCTAGACATCAGCATCAGGCTGGCATAGTCAGGCA
CGTCATAAGGATAGCTCATCAGCATCAGGCTGGCATAGTCAGGCACGTCA
TAAGGATAGCTCATCAGCATCAGGCTGGCATAGTCAGGCACGTCATAAGG
ATAGCTATCCATggtggcgaccggtataacttcgtataaggtatcectata
cgaagttatccattcaggectgtgetageatcaatggcatggcacaaaget

tagccataacttcgtataatgtgtactatacgaagttatcccgggttAAA
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CGACCTGCAGCCAAGCTTATCGATAAAATAAAAGAT TTTAT TTAGTCTCC

AGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCT
TAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAG
AAGTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAAC
AGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGA
TGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGA
TGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTGCCTTATTTGA
ACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCC
GAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCG
ATAGACTGCGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTTGCAGT
TGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTG
ATTGACTACCCGTCAGCGGGGGTCTTTCATGGGTAACAGTTTCTTGAAGT
TGGAGAACAACATTCTGAGGGTAGGAGTCGAATATTAAGTAATCCTGACT
CAATTAGCCACTGTTTTGAATCCACATACTCCAATACTCCTGAAATAGTT
CATTATGGACAGCGCAGAAGAGCTGGGGAGAATTAATTCGTAATCATGGT
CATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAAC
ATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAG
CTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAA
ACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGC
GGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAA
TACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCA
AAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTT
TTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAA
GTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCT
CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGC
TGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAA
CTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAG
CAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT
TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTA
GCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTT
TGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTT
GATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA
AATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTG
GTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT

ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
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AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAG
TCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAG
TTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGT
CGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTT
ACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCC
GATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCT
GTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCG
ACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATA
GCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAARR
CTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCG
TGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACA
CGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCAT
TTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGA
AAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCT
GACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCG
TATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGARAAACC
TCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGAT
GCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGETG
TCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGC
ACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
ATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATC
GGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTG
CAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGC
ACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCC
CCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGA
GCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAG
GCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCC
GGCGTAGAGGCGATTAGTCCAATTTGT TAAAGACAGGATATCAGTGGTCC
AGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGTAC
GAGCCATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGG

AR

The MSCV FLIP-p53 sequence was as follows (SEQ ID
NO: 22):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG

TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
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AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGTTCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG
CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC
AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
GTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACC
TAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACCGA
AGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCT
CTGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTA
CCACTCCCTTAAGTTTGACCTTAGGT CACTGGAAAGATGTCGAGCGGATC
GCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTG
CTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCT
TTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGC
CCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTT
GGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTC
CGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGT
TCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGG
CGCCGGAATTAGAtccataacttegtataggataccttatacgaagttat
ctcaggtaccgecaccatgaccgagtacaageccacggtgegectegeca
ccegegacgacgtecccagggecgtacgeacectegecgeegegttegee
gactacceegcecacgegcecacaccgtegateeggaccegecacategageyg
ggtcaccgagctgcaagaactettectecacgegegtegggetegacateg
gcaaggtgtgggtcgeggacgacggegecgeggtggeggtetggaccacy
ccggagagegtegaagegggggeggtgttegecgagateggeccgegeat
ggccgagttgageggtteceggetggecgegecagcaacagatggaaggee
tcetggegecgecaccggeccaaggagecegegtggttectggecacegte
ggcgtetegeccgaccaccagggcaagggtetgggcagegecgtegtget
ccecggagtggaggeggecgagegegecggggtgeccegecttectggaga
ccteegegeceegcaacctececttetacgageggeteggettcacegte
accgecgacgtegaggtgeccgaaggacegegceacctggtgeatgaceeg
caagcccggtgecctgtacaagaaacagaaaattgtggcaccagtgaaac

agactttgaattttgaccttetecaagttggegggagacgtegagtcecaac
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cctgggeccatgaacccagecatcagegtegetetectgetetcagtett

geaggtgteccgagggcagaaggtgaccagectgacagectgectggtga
accaaaaccttegectggactgecgcecatgagaataacaccaaggataac
tccatccagecatgagttcagectgaccegagagaagaggaagcacgtget
ctcaggcaccectegggataccegagcacacgtacegetecegegteacee
tctecaaccagecctatatcaaggtecttacectagecaacttcaccace
aaggatgagggcgactacttttgtgagettegagtetegggegegaatee
catgagctccaataaaagtatcagtgtgtatagagacaaactggtcaagt
gtggcggcataagectgctggttcagaacacatectggatgetgetgetyg
ctgcttteecteteectectecaagecctggactteatttetetgtgate
tagaagccataacttcgtatagtacacattatacgaagttatGTTTAAAC
GCATTAGTCTTCCAATTGAAAAAAGTGATTTAATTTATACCATTTTAATT
CAGCTTTGTAAAAATGTATCAAAGAGATAGCAAGGTATTCAGTTTTAGTA
AACAAGATAATTGCTCCTAAAGTAGCCCCTTGAATTCCGAGGCAGTAGGC
ATCCACTACAAGTACATGTGTAATACATCTGTGGCTTCACTATTACACAT
GTACTTGTAGTGGGCGCTCACTGTCAACAGCAATATACCTTCTCGAGCCT
TCTGTTGGGTTAACCTGAAGAAGTAATCCCAGCAAGTGTTTCCAAGATGT
GCAGGCAACGATTCTGTAAAGTACTGAAGCCTCATTCAAACATAGTATAT
GTGCTGCCGAAGCGAGCACTTAACAAGGCTTGCGGCCGCtacttgtacag
ctegtecatgecgagagtgatceceggeggeggtecacgaactecagecagga
ccatgtgategegettetegttggggtetttgetecagggeggactgggtyg
ctcaggtagtggttgtegggcagecagecacggggecgtegecgatgggggt
gttetgetggtagtggteggegagetgecacgetgeegtectegatgttgt
ggcggatcttgaagttcaccttgatgecgttettetgettgteggecaty
atatagacgttgtggetgttgtagttgtactcecagettgtgecccaggat
gttgccegtectecttgaagtegatgeccttcagetegatgeggttecacca
gggtgtegecctegaacttcaccteggegegggtettgtagttgeegteg
tccttgaagaagatggtgegetectggacgtagecttegggecatggegga
cttgaagaagtegtgetgettcatgtggteggggtageggetgaageact
geacgccegtaggtcagggtggtcacgagggtgggecagggcacgggeage
ttgceggtggtgcagatgaacttcagggtecagettgecgtaggtggeate
geectegeectegecggacacgetgaacttgtggeegtttacgtegeegt
ccagetegaccaggatgggcaccaccceeggtgaacagetectegeecttyg
ctcaccatggtggcgaccggtataacttegtataaggtatectatacgaa
gttatccattcaggcectgtgctagcatcaatggcatggcacaaagettage
cataacttcgtataatgtgtactatacgaagttatcccgggtt AAACGAC
CTGCAGCCAAGCTTATCGATAAAATAAAAGATTTTATTTAGTCTCCAGAA
AAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAG
TAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGT
TCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCARACAGGA

TATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGT
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CCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTT
TCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTA
ACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGC
TCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAG
ACTGCGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTTGCAGTTGCA
TCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTG
ACTACCCGTCAGCGGGGGTCTTTCATGGGTAACAGTTTCTTGAAGTTGGA
GAACAACATTCTGAGGGTAGGAGTCGAATATTAAGTAATCCTGACTCAAT
TAGCCACTGTTTTGAATCCACATACTCCAATACTCCTGAAATAGTTCATT
ATGGACAGCGCAGAAGAGCTGGGGAGAATTAATTCGTAATCATGGTCATA
GCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATAC
GAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTT
TGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCG
GTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTC
CATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTG
GAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATAC
CTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTG
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGT
ATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGAT
TTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
AAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCT
GACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCT
ATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAG
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG

CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTT
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TGGTATGGCTTCATTCAGCTCCGGT TCCCAACCGATCAAGGCGAGTTACAT

GATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGC
ACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGA
CTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG
AGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAG
AACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCT
CAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA
CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGC
AAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGA
AATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTAT
CAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAL
TAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACG
CTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCA
CGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGA
CACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGG
GAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG
GCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCAT
ATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAG
GCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGC
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGG
CGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAAC
GACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGC
CGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGG
CCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCG
AAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCC
AGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCGT
AGAGGCGATTAGTCCAATTTGTTAAAGACAGGATATCAGTGGTCCAGGCT
CTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGTACGAGCC

ATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAA .

The MSCV FLIP-PTEN construct comprises a sequence as
follows (SEQ ID NO: 23):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA

GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
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CGGGTACCCGTATTCCCAATARAGCCTCTTGCTGTTTGCAT CCGAATCGT

GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGTTCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG
CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC
AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
GTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACC
TAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACCGA
AGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCT
CTGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTA
CCACTCCCTTAAGTTTGACCTTAGGT CACTGGAAAGATGTCGAGCGGATC
GCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTG
CTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCT
TTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGC
CCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTT
GGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTC
CGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGT
TCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGG
CGCCGGAATTAGAtccataacttegtataggataccttatacgaagttat
ctcaggtaccgecaccatgaccgagtacaageccacggtgegectegeca
ccegegacgacgtecccagggecgtacgeacectegecgeegegttegee
gactacceegcecacgegcecacaccgtegateeggaccegecacategageyg
ggtcaccgagctgcaagaactettectecacgegegtegggetegacateg
gcaaggtgtgggtcgeggacgacggegecgeggtggeggtetggaccacy
ccggagagegtegaagegggggeggtgttegecgagateggeccgegeat
ggccgagttgageggtteceggetggecgegecagcaacagatggaaggee
tcetggegecgecaccggeccaaggagecegegtggttectggecacegte
ggcgtetegeccgaccaccagggcaagggtetgggcagegecgtegtget
ccecggagtggaggeggecgagegegecggggtgeccegecttectggaga
ccteegegeceegcaacctececttetacgageggeteggettcacegte
accgecgacgtegaggtgeccgaaggacegegceacctggtgeatgaceeg
caagcccggtgecctgtacaagaaacagaaaattgtggcaccagtgaaac
agactttgaattttgaccttctcaagttggegggagacgtegagtecaac
cctgggeccatgaacccagcecatcagegtegetetectgetetecagtett
gcaggtgtceccgagggcagaaggtgaccagectgacagectgectggtga
accaaaaccttegectggactgecgecatgagaataacaccaaggataac
tccatccagecatgagttcagectgacccgagagaagaggaagcacgtget
ctcaggcaccectegggataccegagcacacgtacegetecegegteacee

tctecaaccagecctatatcaaggtecttacectagecaacttcaccace
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aaggatgagggcgactacttttgtgagettegagtetegggegegaatee
catgagctccaataaaagtatcagtgtgtatagagacaaactggtcaagt
gtggcggcataagectgctggttcagaacacatectggatgetgetgetyg
ctgcttteecteteectectecaagecctggactteatttetetgtgate
tagaagccataacttcgtatagtacacattatacgaagttatGTTTAAAC
GCATTAGTCTTCCAATTGAAAAAAGTGATTTAATTTATACCATTTTAATT
CAGCTTTGTAAAAATGTATCAAAGAGATAGCAAGGTATTCAGTTTTAGTA
AACAAGATAATTGCTCCTAAAGTAGCCCCTTGAATTCCGAGGCAGTAGGC
AAGGTGAAACTATACTTTACAAATACATCTGTGGCTTCACTATTTGTAAA
GTATAGTTTCACCGCGCTCACTGTCAACAGCAATATACCTTCTCGAGCCT
TCTGTTGGGTTAACCTGAAGAAGTAATCCCAGCAAGTGTTTCCAAGATGT
GCAGGCAACGATTCTGTAAAGTACTGAAGCCTCATTCAAACATAGTATAT
GTGCTGCCGAAGCGAGCACTTAACAAGGCTTGCGGCCGCtacttgtacag
ctegtecatgecgagagtgatceceggeggeggtecacgaactecagecagga
ccatgtgategegettetegttggggtetttgetecagggeggactgggtyg
ctcaggtagtggttgtegggcagecagecacggggecgtegecgatgggggt
gttetgetggtagtggteggegagetgecacgetgeegtectegatgttgt
ggcggatcttgaagttcaccttgatgecgttettetgettgteggecaty
atatagacgttgtggetgttgtagttgtactcecagettgtgecccaggat
gttgccegtectecttgaagtegatgeccttcagetegatgeggttecacca
gggtgtegecctegaacttcaccteggegegggtettgtagttgeegteg
tccttgaagaagatggtgegetectggacgtagecttegggecatggegga
cttgaagaagtegtgetgettcatgtggteggggtageggetgaageact
geacgccegtaggtcagggtggtcacgagggtgggecagggcacgggeage
ttgceggtggtgcagatgaacttcagggtecagettgecgtaggtggeate
geectegeectegecggacacgetgaacttgtggeegtttacgtegeegt
ccagetegaccaggatgggcaccaccceeggtgaacagetectegeecttyg
ctcaccatggtggcgaccggtataacttegtataaggtatectatacgaa
gttatccattcaggcectgtgctagcatcaatggcatggcacaaagettage
cataacttcgtataatgtgtactatacgaagttatcccgggtt AAACGAC
CTGCAGCCAAGCTTATCGATAAAATAAAAGATTTTATTTAGTCTCCAGAA
AAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAG
TAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGT
TCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCARACAGGA
TATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGT
CCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTT
TCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTA
ACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGC
TCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAG

ACTGCGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTTGCAGTTGCA
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TCCGACTTGTGETCTCGCTGT TCCTTGGGAGGGTCTCCTCTGAGTGATTG

ACTACCCGTCAGCGGGGGTCTTTCATGGGTAACAGTTTCTTGAAGTTGGA
GAACAACATTCTGAGGGTAGGAGTCGAATATTAAGTAATCCTGACTCAAT
TAGCCACTGTTTTGAATCCACATACTCCAATACTCCTGAAATAGTTCATT
ATGGACAGCGCAGAAGAGCTGGGGAGAATTAATTCGTAATCATGGTCATA
GCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATAC
GAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTT
TGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCG
GTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTC
CATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTG
GAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATAC
CTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTG
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGT
ATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGAT
TTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
AAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCT
GACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCT
ATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAG
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG
CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTT
TGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACAT
GATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGC
ACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGA
CTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG

AGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAG
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AACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCT
CAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA
CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGC
AAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGA
AATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTAT
CAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAL
TAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACG
TCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATC
ACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTG
ACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCG
GGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGG
GGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCA
TATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCA
GGCGCCATTCGCCATTCAGGCTGCGCAACTGT TGGGAAGGGCGATCGGTG
CGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAG
GCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCG
CCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCG
GCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCC
GAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGC
CAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCG
TAGAGGCGATTAGTCCAATTTGT TAAAGACAGGATATCAGTGGTCCAGGC
TCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGTACGAGC

CATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAA

The MSCV FLIPi Puro2 AGFP/Thyl.1-miR-FF construct
comprises a sequence as follows (SEQ ID NO: 24):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGT TCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG

CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
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GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC
AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
GTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACC
TAAAACAGTTCCCGCCTCCGTCTGATTTTTGCTTTCGGTTTGGAACCGAA
GCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCTC
TGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTAC
CACTCCCTTAAGTTTGACCTTAGGTCACTGGAAAGATGTCGAGCGGATCG
CTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTGC
TCTGCAGAATGGCCAACCTTTAACGT CGGATGGCCGCGAGACGGCACCTT
TAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCC
CGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTG
GCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCC
GCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGTT
CGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGGC
GCCGGAATTAGAtccataacttcgtataaggataccttatacgaagttat
ctcaggtaccGCCACCATGGTGGAGTACAAGCCCACGGTGCGCCTCGCCA
CCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCC
GACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCG
GGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCG
GCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCACG
CCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCAT
GGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCC
TCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTC
GGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGCT
CCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGA
CCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTC
ACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCG
CAAGCCCGGTGCCAAACAGAAAATTGTGGCACCAGTGAAACAGACTTTGA
ATTTTGACCTTCTCAAGTTGGCGGGAGACGTCGAGTCCAACCCTGGGCCC
GGCCCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGT
GGTGCCCATCCTGGT CGAGCTGGACGGCGACGTAAACGGCCACAAGTTCA
GCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGT
GACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACA
TGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGA
GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCA
TCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAAC
TACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCAT

CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGC
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TCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGECCCCETGCTG

CTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCC
CAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCG
GATCACTCTCGGCATGGACGAGCTGTACAAGTAGtctagaagccataact
tcgtatagtacacattatacgaaGTTTATGCATACCTGGAGGAAAAAAAL
AAGGGGAGAGTCAGGGgtttaaacgcattagtcttccaatgaaaaaagty
atttaatttataccattttaattcagctttgtaaaaatgtatcaaagaga
tagcaaggtattcagttttagtaaacaagataattgctcctaaagtagec
ccttgaat t cCGAGGCAGTAGGCAGGCTCCCGCTGAATTGGAATCCTACA
TCTGTGGCTTCACTAGGATTCCAATTCACGGGAGCTCGCTCACTGTCAAC
AGCAATATACCTTctcgagecttetgttgggttaacctgaagaagtaatce
ccagcaagtgtttccaagatgtgcaggcaacgattetgtaaagtactgaa
gectcattcaaacatagtatatgtgetgecgaagegagecacttaacaagg
cttgeggecgetacttgtacagetegtecatgecgagagtgateceggeg
gcgCCACTCACCTGCAATTGGGCCGCTCACAGAGAAATGAAGT CCAGGGC
TTGGAGGAGGGAGAGGGAAAGCAGCAGCAGCAGCATCCAGGATGTGTTCT
GAACCAGCAGGCTTATGCCGCCACACTTGACCAGTTTGTCTCTATACACA
CTGATACTTTTATTGGAGCTCATGGGATTCGCGCCCGAGACTCGAAGCTC
ACAAAAGTAGTCGCCCTCATCCTTGGTGGTGAAGTTGGCTAGGGTAAGGA
CCTTGATATAGGGCTGGTTGGAGAGGGTGACGCGGGAGCGGTACGTGTGC
TCGGGTATCCCGAGGGTGCCTGAGAGCACGTGCTTCCTCTTCTCTCGGGT
CAGGCTGAACTCATGCTGGATGGAGTTATCCTTGGTGTTATTCTCATGGC
GGCAGTCCAGGCGAAGGTTTTGGTTCACCAGGCAGGCTGTCAGGCTGGTC
ACCTTCTGCCCTCGGGACACCTGCAAGACTGAGAGCAGGAGAGCGACGCT
GATGGCTGGGTTCATggtggcgaccggtataacttcgtataaggtatect
atacgaagttatccattcaggctgtgctagcatcaatggcatggcacaaa
gcttagecataacttegtataatgtgtactatacgaagttatccegggtt
AAACGACCTGCAGCCAAGCTTATCGATAAAATAAAAGATTTTATTTAGTC
TCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTA
GCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATA
GAGAAGTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCA
AACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAAC
AGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATC
AGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTGCCTTATT
TGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTC
CCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCT
CCGATAGACTGCGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTTGC
AGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGA
GTGATTGACTACCCGTCAGCGGGGGTCTTTCATGGGTAACAGTTTCTTGA
AGTTGGAGAACAACATTCTGAGGGTAGGAGTCGAATATTAAGTAATCCTG

ACTCAATTAGCCACTGTTTTGAATCCACATACTCCAATACTCCTGAAATA
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GTTCATTATGGACAGCGCAGAAGAGCTGGGGAGAATTAATTCGTAATCAT
GGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACAC
AACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGG
GAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA
GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCT
GCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGG
TAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTC
AAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACC
GGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAG
CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGT
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGC
AGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTA
TTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG
TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT
TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACT
TGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAA
CTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCG
CGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGC
CGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCC
AGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAAT
AGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTC
GTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAG
TTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCT
CCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTAT
GGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTT
CTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGG
CGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACA
TAGTAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACT

CGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGG
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GTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGA

CACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGC
ATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA
GAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC
CTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGG
CGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAA
CCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGG
ATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGE
TGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT
GCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACC
GCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGA
TCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGC
TGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTT
GTAAAACGACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGA
GCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGT
CCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCAT
GAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATAT
AGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGT
CCGGCGTAGAGGCGATTAGTCCAATTTGTTAAAGACAGGATATCAGTGGT
CCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGT
ACGAGCCATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGG

GGAA

The MSCV FLIPi Puro2 AGFP/Thy1.1-miR-p53 construct
comprises a sequence as follows (SEQ ID NO: 25):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGT TCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG
CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC

AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
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GTGGAATCCGACCCCGTCAGGATATGTGGTTC TGGTAGGAGACGAGAACC

TAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACCGA
AGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCT
CTGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTA
CCACTCCCTTAAGTTTGACCTTAGGT CACTGGAAAGATGTCGAGCGGATC
GCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTG
CTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCT
TTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGC
CCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTT
GGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTC
CGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGT
TCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGG
CGCCGGAATTAGAtccataacttegtataggataccttatacgaagttat
ctcaggtaccGCCACCATGGTGGAGTACAAGCCCACGGTGCGCCTCGCCA
CCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCC
GACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCG
GGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCG
GCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCACG
CCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCAT
GGCCGAGTTGAGCCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGC
CTCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGT
CGGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGC
TCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAG
ACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGT
CACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCC
GCAAGCCCGGTGCCAAACAGAAAATTGTGGCACCAGTGAAACAGACTTTG
AATTTTGACCTTCTCAAGTTGGCGGGAGACGTCGAGTCCAACCCTGGGCC
CGGCCCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGG
TGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTC
AGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCT
GAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCG
TGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCAC
ATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCA
GGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC
ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAA
CTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCA
TCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAG
CTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCARAAGACC

CCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCC
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GGGATCACTCTCGGCATGGACGAGCTGTACAAGTAGtctagaagccataa
cttcgtatagtacacattatacgaaGTTTATGCATACCTGGAGGAAAAAL
AAAAGGGGAGAGTCAGGGGTTTAAACGCATTAGTCTTCCAATTGAAAAAA
GTGATTTAATTTATACCATTTTAATTCAGCTTTGTAAAAATGTATCAAAG
AGATAGCAAGGTATTCAGTTTTAGTAAACAAGATAATTGCTCCTAAAGTA
GCCCCTTGAATTCCGAGGCAGTAGGCATCCACTACAAGTACATGTGTAAT
ACATCTGTGGCTTCACTATTACACATGTACTTGTAGTGGGCGCTCACTGT
CAACAGCAATATACCTTCTCGAGCCTTCTGTTGGGTTAACCTGAAGAAGT
AATCCCAGCAAGTGTTTCCAAGATGTGCAGGCAACGATTCTGTAAAGTAC
TGAAGCCTCATTCAAACATAGTATATGTGCTGCCGAAGCGAGCACTTAAC
AAGGCTTGCGGCCGCCCACTCACCTGCAATTGGGCCGCTCACAGAGAAAT
GAAGTCCAGGGCTTGGAGGAGGGAGAGGGAAAGCAGCAGCAGCAGCATCC
AGGATGTGTTCTGAACCAGCAGGCTTATGCCGCCACACTTGACCAGTTTG
TCTCTATACACACTGATACTTTTATTGGAGCTCATGGGATTCGCGCCCGA
GACTCGAAGCTCACAAAAGTAGTCGCCCTCATCCTTGGTGGTGAAGTTGG
CTAGGGTAAGGACCTTGATATAGGGCTGGT TGGAGAGGGTGACGCGGGAG
CGGTACGTGTGCTCGGGTATCCCGAGGGTGCCTGAGAGCACGTGCTTCCT
CTTCTCTCGGGTCAGGCTGAACTCATGCTGGATGGAGTTATCCTTGGTGT
TATTCTCATGGCGGCAGTCCAGGCGAAGGTTTTGGTTCACCAGGCAGGCT
GTCAGGCTGGTCACCTTCTGCCCTCGGGACACCTGCAAGACTGAGAGCAG
GAGAGCGACGCTGATGGCTGGGTTCATggtggcgaccggtataacttegt
ataaggtatcctatacgaagttatccattcaggetgtgctagcatcaatg
gcatggcacaaagcttagccataacttegtataatgtgtactatacgaag
ttatcccgggtt AAACGACCTGCAGCCAAGCTTATCGATAAAATAAAAGA
TTTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGG
TTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACA
TAACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAGCAGCAG
AATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCA
GGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCT
AGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCC
TGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCG
CGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGC
GCGCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTGTATCCAATA
AACCCTCTTGCAGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGG
GTCTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTTCATGGGTAA
CAGTTTCTTGAAGT TGGAGAACAACATTCTGAGGGTAGGAGTCGAATATT
AAGTAATCCTGACTCAATTAGCCACTGTTTTGAATCCACATACTCCAATA
CTCCTGAAATAGTTCATTATGGACAGCGCAGAAGAGCTGGGGAGAATTAA
TTCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCA

CAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGT
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GCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGT

TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAAC
GCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTC
ACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAA
AGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGC
GCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTC
GCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGC
GCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTT
ATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATG
TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCG
GTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGA
AAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATA
TATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCG
TCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCT
GCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
AAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT
TCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC
GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGC
TCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATC
ACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAA
TAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAA
TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTT
CTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCAC
CAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCARAAARGG
GAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAA
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT

TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCC
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GAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACC
TATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGA
TGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTT
GTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCG
GGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGAT
TGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAA
AGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCC
AGTCACGACGTTGTAAAACGACGGCGCAAGGAAGCAGCCCAGTAGTAGGT
TGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATG
GCGCCCAACAGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAA
ACAAGCGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGA
TGTCGGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCG
GCCACGATGCGTCCGGCGTAGAGGCGATTAGTCCAATTTGTTAAAGACAG
GATATCAGTGGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGA
AGCCTATAGAGTACGAGCCATAGATAAAATAAAAGATTTTATTTAGTCTC

CAGAAAAAGGGGGGAA

The MSCV FLIPi Puro2 AGFP/Thyl.1-miR-PTEN con-
struct comprises a sequence as follows (seq id no: 26):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGT TCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGGGAGGTAAGCTGGCCAGCGGTCGTTTCGTG
TCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCGCCT
GCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTGGTG
GAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCCAGG
GACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGATGTG
GAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACCTAA
AACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTT TGGAACCGAAGC
CGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCTCTG

TCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTACCA
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CTCCCTTAAGTTTGACCTTAGGTCACTGGAAAGATGTCGAGCGGATCGCT
CACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTGCTC
TGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCTTTA
ACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCCCG
CATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTGGC
TTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCGC
CTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGTTCG
ACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGGCGC
CGGAATTAGAtccataacttcgtataggataccttatacgaagttatcete
aggtaccGCCACCATGGTGGAGTACAAGCCCACGGTGCGCCTCGCCACCC
GCGACGACGTCCCCAGGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGA
CTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGG
TCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCGGC
AAGGTGTGGGTCGCGGACGACGGCGCCGECGGTGGCGGTCTGGACCACGCC
GGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGG
CCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTC
CTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTCGG
CGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGCTCC
CCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGACC
TCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCAC
CGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCA
AGCCCGGTGCCAAACAGAAAATTGTGGCACCAGTGAAACAGACTTTGAAT
TTTGACCTTCTCAAGTTGGCGGGAGACGTCGAGTCCAACCCTGGGCCCGG
CCCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGG
TGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGC
GTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAA
GTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGA
CCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGA
GCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGG
TGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATC
GACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCA
AGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCT
GCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCA
ACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGE
ATCACTCTCGGCATGGACGAGCTGTACAAGTAGt ctagaagccataactt
cgtatagtacacattatacgaaGTTTATGCATACCTGGAGGAAAAAAAAAL

AGGGGAGAGTCAGGGGTTTAAACGCATTAGTCTTCCAATTGAAAAAAGTG
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ATTTAATTTATACCATTTTAATTCAGCTTTGTAAAAATGTATCARAGAGA

TAGCAAGGTATTCAGTTTTAGTAAACAAGATAATTGCTCCTAAAGTAGCC
CCTTGAATTCCGAGGCAGTAGGCAAGGTGAAACTATACTTTACAAATACA
TCTGTGGCTTCACTATTTGTAAAGTATAGTTTCACCGCGCTCACTGTCAA
CAGCAATATACCTTCTCGAGCCTTCTGTTGGGTTAACCTGAAGAAGTAAT
CCCAGCAAGTGTTTCCAAGATGTGCAGGCAACGATTCTGTAAAGTACTGA
AGCCTCATTCAAACATAGTATATGTGCTGCCGAAGCGAGCACTTAACAAG
GCTTGCGGCCGCCCACTCACCTGCAATTGGGCCGCTCACAGAGAAATGAA
GTCCAGGGCTTGGAGGAGGGAGAGGGAAAGCAGCAGCAGCAGCATCCAGG
ATGTGTTCTGAACCAGCAGGCTTATGCCGCCACACTTGACCAGTTTGTCT
CTATACACACTGATACTTTTATTGGAGCTCATGGGATTCGCGCCCGAGAC
TCGAAGCTCACAAAAGTAGTCGCCCTCATCCTTGGTGGTGAAGTTGGCTA
GGGTAAGGACCTTGATATAGGGCTGGT TGGAGAGGGTGACGCGGGAGCGG
TACGTGTGCTCGGGTATCCCGAGGGTGCCTGAGAGCACGTGCTTCCTCTT
CTCTCGGGTCAGGCTGAACTCATGCTGGATGGAGTTATCCTTGGTGTTAT
TCTCATGGCGGCAGTCCAGGCGAAGGTTTTGGTTCACCAGGCAGGCTGTC
AGGCTGGTCACCTTCTGCCCTCGGGACACCTGCAAGACTGAGAGCAGGAG
AGCGACGCTGATGGCTGGGTTCATggtggcgaccggtataacttegtata
aggtatcctatacgaagttatccattcaggetgtgetageatcaatggea
tggcacaaagcttageccataacttegtataatgtgtactatacgaagtta
tceccgggt tAAACGACCTGCAGCCAAGCTTATCGATAAAATAAAAGATTT
TATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTT
GGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAA
CTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAA
TATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGG
GCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAG
AGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCTG
TGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCG
CTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGTC
GCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTGTATCCAATAAA
CCCTCTTGCAGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGT
CTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTTCATGGGTAACA
GTTTCTTGAAGT TGGAGAACAACATTCTGAGGGTAGGAGTCGAATATTAA
GTAATCCTGACTCAATTAGCCACTGTTTTGAATCCACATACTCCAATACT
CCTGAAATAGTTCATTATGGACAGCGCAGAAGAGCTGGGGAGAATTAATT
CGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACA
ATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGC
CTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTT
TCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCAC

TGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACT
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CAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAG
AACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGC
GTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAR
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC
CAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCT
GCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGC
TTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGC
TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGL
CTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAG
AAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAA
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGT
GGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCA
AGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACC
TAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATA
TGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTA
TCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTC
GTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAA
ACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC
GCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGG
TGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGA
TCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTC
CTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCAC
TCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTA
AGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATA
GTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATA
CCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCT
TCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGAT
GTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCA
GCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGA
ATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATA
TTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTG
AATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA
AAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTA
TAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATG

ACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGT
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CTGTAAGCGGATGCCGGGAGCAGACAAGCCCETCAGGGCGCGTCAGCGGE

TGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTG
TACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGG
AGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTG
GGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAG
GGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG
TCACGACGTTGTAAAACGACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTG
AGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGC
GCCCAACAGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAALC
AAGCGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATG
TCGGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGTC
CACGATGCGTCCGGCGTAGAGGCGATTAGTCCAATTTGTTAAAGACAGGA
TATCAGTGGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAG
CCTATAGAGTACGAGCCATAGATAAAATAAAAGATTTTATTTAGTCTCCA
GAAAAAGGGGGGAA

The MSCV FLIPi Puro2AGFP/Thyl.1-miR-Dbl (p53 &
PTEN) construct comprises a sequence as follows (seq id no:
27):

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTT
TGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGG
TTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTA
AGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCG
GTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCC
CCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTT
CGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCC
CGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGT
GGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACC
TCGGGGGTCTTTCATTTGGAGGT TCCACCGAGATTTGGAGACCCCTGCCT
AGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTTTC
GTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCG
CCTGCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTG
GTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCC
AGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGAT
GTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACC
TAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACCGA
AGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCT
CTGTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTA
CCACTCCCTTAAGTTTGACCTTAGGTCACTGGAAAGATGTCGAGCGGATC
GCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTG

CTCTGCAGAATGGCCAACCTTTAACGT CGGATGGCCGCGAGACGGCACCT

10

15

20

25

30

35

40

45

50

55

60

65

78

-continued

TTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGC
CCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTT
GGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTC
CGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGT
TCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGG
CGCCGGAATTAGAtccataacttegtataggataccttatacgaagttat
ctcaggtaccGCCACCATGGTGGAGTACAAGCCCACGGTGCGCCTCGCCA
CCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCC
GACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCG
GGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCG
GCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCACG
CCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCAT
GGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCC
TCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTC
GGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGCT
CCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGA
CCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTC
ACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCG
CAAGCCCGGTGCCAAACAGAAAATTGTGGCACCAGTGAAACAGACTTTGA
ATTTTGACCTTCTCAAGTTGGCGGGAGACGTCGAGTCCAACCCTGGGCCC
GGCCCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGT
GGTGCCCATCCTGGT CGAGCTGGACGGCGACGTAAACGGCCACAAGTTCA
GCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGT
GACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACA
TGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGA
GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCA
TCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAAC
TACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCAT
CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGC
TCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTG
CTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCC
CAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCG
GGATCACTCTCGGCATGGACGAGCTGTACAAGTAGE ctagaagccataac
ttecgtatagtacacattatacgaaGTTTATGCATACCTGGAGGAAAAAAL
AAAGGGGAGAGTCAGGGGTTTAAACGCATTAGTCTTCCAATTGAAAAAAG
TGATTTAATTTATACCATTTTAATTCAGCTTTGTAAAAATGTATCAAAGA
GATAGCAAGGTATTCAGTTTTAGTAAACAAGATAATTGCTCCTAAAGTAG

CCCCTTGAATTCCGAGGCAGTAGGCAAGGTGAAACTATACTTTACAAATA
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-continued
CATCTGTGGCTTCACTATTTGTAAAGTATAGT TTCACCGCGCTCACTGTC

AACAGCAATATACCTTCTCGAGCCTTCTGTTGGGTTAACCTGAAGAAGTA
ATCCCAGCAAGTGTTTCCAAGATGTGCAGGCAACGATTCTGTAAAGTACT
GAAGCCTCATTCAAACATAGTATATGTGCTGCCGAAGCGAGCACTTAACA
AGGCTTGCATTTAAACGCATTAGTCTTCCAATTGAAAAAAGTGATTTAAT
TTATACCATTTTAATTCAGCTTTGTAAAAATGTATCAAAGAGATAGCAAG
GTATTCAGTTTTAGTAAACAAGATAATTGCTCCTAAAGTAGCCCCTTGAA
TTCCGAGGCAGTAGGCATCCACTACAAGTACATGTGTAATACATCTGTGG
CTTCACTATTACACATGTACTTGTAGTGGGCGCTCACTGTCAACAGCAAT
ATACCTTCTCGAGCCTTCTGTTGGGTTAACCTGAAGAAGTAATCCCAGCA
AGTGTTTCCAAGATGTGCAGGCAACGATTCTGTAAAGTACTGAAGCCTCA
TTCAAACATAGTATATGTGCTGCCGAAGCGAGCACTTAACAAGGCTTGCG
GCCGCCCACTCACCTGCAATTGGGCCGCTCACAGAGAAATGAAGTCCAGG
GCTTGGAGGAGGGAGAGGGAAAGCAGCAGCAGCAGCATCCAGGATGTGTT
CTGAACCAGCAGGCTTATGCCGCCACACTTGACCAGTTTGTCTCTATACA
CACTGATACTTTTATTGGAGCTCATGGGATTCGCGCCCGAGACTCGAAGC
TCACAAAAGTAGTCGCCCTCATCCTTGGTGGTGAAGTTGGCTAGGGTAAG
GACCTTGATATAGGGCTGGTTGGAGAGGGTGACGCGGGAGCGGTACGTGT
GCTCGGGTATCCCGAGGGTGCCTGAGAGCACGTGCTTCCTCTTCTCTCGG
GTCAGGCTGAACTCATGCTGGATGGAGTTATCCTTGGTGTTATTCTCATG
GCGGCAGTCCAGGCGAAGGTTTTGGTTCACCAGGCAGGCTGTCAGGCTGG
TCACCTTCTGCCCTCGGGACACCTGCAAGACTGAGAGCAGGAGAGCGACG
CTGATGGCTGGGTTCATggtggcgaccggtataacttcgtataaggtate
ctatacgaagttatccattcaggetgtgetagcatcaatggcatggeaca
aagcttagccataacttcgtataatgtgtactatacgaagttatcceggg
ttAAACGACCTGCAGCCAAGCTTATCGATAAAATAAAAGATTTTATTTAG
TCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGC
TAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAA
TAGAGAAGTTCAGATCAAGGT TAGGAACAGAGAGACAGCAGAATATGGGC
CAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGA
ACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCA
TCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTGCCTTA
TTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGC
TCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTC
CTCCGATAGACTGCGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTT
GCAGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCT
GAGTGATTGACTACCCGTCAGCGGGGGTCTTTCATGGGTAACAGTTTCTT
GAAGTTGGAGAACAACATTCTGAGGGTAGGAGTCGAATATTAAGTAATCC
TGACTCAATTAGCCACTGTTTTGAATCCACATACTCCAATACTCCTGAAA
TAGTTCATTATGGACAGCGCAGAAGAGCTGGGGAGAATTAATTCGTAATC

ATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCAC
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-continued

ACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGA
GTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTC
GGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGA
GAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCG
CTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCARAAGGC
GGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGT
GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG
GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG
CTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTT
ACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCA
TAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGC
TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCC
GGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT
GGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTG
CTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACA
GTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGT
TGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTT
TTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGAT
CCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACG
TTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCC
TTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAA
ACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
GATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATA
CCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCC
AGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCA
TCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTT
AATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACG
CTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGC
GAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGT
CCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGT
TATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCT
TTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATG
CGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCC
ACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGC
GAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTC
TGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGG

CGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGA
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-continued
AGCATTTATCAGGGTTATTGT CTCATGAGCGGATACATATTTGAATGTAT

TTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC
CACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGA
AAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAG
CGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGC
GGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAG
AGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAAT
ACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGG
CGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATG
TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGAC
GTTGTAAAACGACGGCGCAAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGT
TGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAAC
AGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCT
CATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGA
TATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATG
CGTCCGGCGTAGAGGCGATTAGTCCAATTTGT TAAAGACAGGATATCAGT
GGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAG
AGTACGAGCCATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAG
GGGGGAA.

The Tie2-Cre construct was as described in Kisanuki, Y. Y.,
et al. (2001) Dev Biol 230, 230-42. The CD19-Cre construct
was as described in Rickert, R. C., Roes, J. & Rajewsky, K.
(1997) Nucleic Acids Res 25, 1317-8. The Mox-Cre construct
was as described in Tallquist M D; Soriano P. 2000. Genesis
26(2):113-5.

Reagents

Anti p53 antibody was provided by Andrea Ventura. Doxo-
rubicin and doxycycline were obtained from Sigma.
Verification of Reporter Expression:

Reverse transcriptase-PCR assays were conducted, probing
for efficient intron splicing from the FLIP vector and com-
pared to PCR of genomic DNA. Primers were as follows:

Reverse primer (in vector):
(SEQ ID NO:

CCA GGA TTT ATA CAA GGA GGA GAA AAT GAA AGC

9)

Forward primer (in GFP) :
(SEQ ID NO:

CTG AGC AAA GAC CCC AAC GAG AAG C

10)

The PCR amplified only the transcript derived from FLIP
vectors reversed by Cre activity.

Lewis Lung carcinoma cells (LL2) were transducted with
pFLIP and probed for Thy 1.1 expression by FACS analysis
following puromycin selection. Selected cells were also
probed for GFP expression, prior to and following infection
with MCSV-Cre.

Infectious viral particles were produced through standard
lab methods. 293FT cells were transiently transfected with
retroviral gag/pol and VSVg envelopes plasmids along with
the viral vector. The supernatants were harvested at 48 hours
and used to infect target cells in the presence of 4 ug/ml
polybrene.
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Northern Blot Analysis:

HEK293 cells were infected with retrovirus expressing an
miR30 targeting firefly luciferase (FF), PTEN, p53, two tan-
dem miR30 constructs targeting p53 and PTEN, or FLIP
vector (Lanes 5-7). The FLIP vector contained the miR30
targeting PTEN or p53 in the antisense that was reversed by
Cre expression. The intron pair contained the miR30 targeting
PTEN or p53 flanked by synthetic consensus splice donor and
splice acceptor sites. The blots were hybridized with a probe
specific for the guide strand (sense probe) that mediates
RNAI, or the antisense probe that is non-functional. The
functional guide strand was only produced when the vector
was flipped to the sense orientation.

HEK293 cells infected with FLIP retrovirus expressing
miR-181a or miR-15b in the antisense that is reversed to the
sense orientation by Cre expression were similarly evaluated.
The intron vectors contained the miRNAs between consensus
synthetic splice sites. The blots were hybridized with probes
specific for miR181a or miR15b. The miRNA was only pro-
cessed to the mature form when expressed in the sense ori-
entation.

Probes utilized were as follows:

p53 sense probe (hybridizes to guide strand)

(SEQ ID NO: 15)
5'-CCA CTA CAA GTA CAT GTG TA-3'.
p53 anti-sense probe

(SEQ ID NO: 16)
5'-TAC ACA TGT ACT TGT AGT GG-3'.
PTEN sense probe

(SEQ ID NO: 17)
5'-GGT GAA ACT ATA CTT TAC AA-3'.
PTEN anti-sense probe

(SEQ ID NO: 18)
5'-TTG TAA AGT ATA GTT TCA CC-3'.
Mir-18la probe

(SEQ ID NO: 19)
5'-ACT CAC CGA CAG CGT TGA ATG TT-3'.
Mir-15b probe

(SEQ ID NO: 20)

5'-TGT AAA CCA TGA TGT GCT GCT A-3'.

In Vitro Knockdown Studies

The DC2.4 cell line was transduced with the pLB2 con-
struct expressing a miR30 targeting alpha-4 integrin expres-
sion (SEQ ID NO: 2), with and without MCSV-Cre. Integrin
expression was assessed by FACS analysis probing with anti-
integrin alpha-4 conjugated to PE (Becton-Dickinson).

In Vivo Knockdown Studies

Murine embroyonic stem cells that express Cre from the
VEGF-R2 (Flk1) locus, which turns on Cre expression about
embryonic day 8 were infected with the pL.B2 constructs, and
selected with puromycin. Using tetraploid complementation,
FLIP-infected ES cells were injected and embryos were gen-
erated, which were derived exclusively from pl.B2-express-
ing ES cells.

Adult pLB2-FLIP males were also subsequently crossed
with Mox-Cre females and embryos were removed at stage
€9.5. Mox-Cre expressed very early in embryo (e2 or e3).

Bone marrow stem were purified by lineage depletion of
marker positive cells and cultured for 8 days in STIF medium
and angiopoietin-like-2 (Zhang et al.) On days 1 and 2, bone
marrow stem cells were infected with FLIP retroviral super-
natants and cultured for 4 days in the presence of puromycin.
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Recipient mice were lethally irradiated and reconstituted with
infected bone marrow stem cells and additional supporting
cells derived from the spleen.

Bone marrow stem cells were also obtained from Cre-
ERT2 mice (see Hayashi S, and McMahon A P. Dev Biol.
2002 Apr. 15; 244(2):305-18). Eight weeks after reconstitu-
tion, mice were treated with 2 mg/mouse tamoxifen to induce
recombination of the vector. Five days later spleens were
minced and sorted by MACS for Thy1.1+ cells. Purified cells
were cultured for 4 hours in 5 ug/ml doxorubicin and lysed for
SDS-PAGE.

Bone marrow stem cells were obtained from CD19-Cre
mice, as well. After three months, mice appeared lethargic
and were sacrificed, spleens obtained and analyzed (see
Zhang C C, et al. Nat. Med. 2006 February; 12(2):240-5).

Example 1

Construction of Stable, Cre-lox Based Knockdown
Constructs

A pFLIP cassette was constructed as schematically
depicted in FIG. 1A. The construct may be expressed by a
constitutive, tissue-specific, or inducible promoter. The
mRNA expressed puromycin resistance and the surface
marker Thy1.1 or GFP. The puromycin-Thy1.1, or -GFP con-
struct, respectively, was translated as a fusion protein but
generated two distinct polypeptides by virtue of the 2A pep-
tide at the C-terminus of the puromycin resistance or GFP
cassette, which resulted in the translation of two distinct
polypeptide species from a single cistron.

As depicted in FIG. 1A, the green fluorescent protein
(GFP) and a miR30 microRNA-based, RNAIi construct were
present in the anti-sense orientation in the 3' untranslated
region of the mRNA. Upon addition of Cre recombinase, the
puro-Thyl.1 cassette was deleted and the GFP-microRNA
construct was reversed to the sense orientation, allowing
expression of GFP and RNA..

The vector expressed two markers, a drug selection and a
surface marker. When Cre was introduced, the markers were
deleted and expression of GFP and RNAi was induced. GFP
and the RNAi were in antisense orientation until Cre-recom-
binase was active, at which point there was a “flip” to the
sense orientation.

The vector containing the pFLIP cassette was referred to as
pLB. The vector comprised a CMV promoter driving the
RNA genome, a packaging signal (Psi), central polypurine
tract (cPPT), antirepressor (Element #40) and scaffold
attached region (SAR), an internal U6 and CMV promoter
driving the FLIP cassette, with the GFP-miR30 in antisense
orientation. The 3'LTR comprised a deletion of U3, and HIV
US polyadenylation signal. For example, the pL.B vector
expressing a miR30 targeting firefly luciferase (SEQ ID NO:
D.

In one embodiment of this invention, a modified pL.B vec-
tor was constructed, resulting in greater expression, the vector
being schematically depicted in FIG. 1B, and referred to
herein as pLB2.

In this embodiment of the modified vector (pLB2), the
promoter driving the RNA genome was derived from RSV, as
opposed to the former CMV. The packaging signal (Psi),
central polypurine tract (cPPT), antirepressor (Element #40)
and scaffold attached region (SAR) were unchanged.
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The internal CMV promoter was replaced by Ubiquitin-C.
The U6 promoter was removed and replaced with the FLIP
cassette. The FLIP cassette maintained GFP-miR30 in the
antisense orientation until reversed by Cre activity.

The 3'LTR was modified, as well: Deletions of the U3
resulted in self-inactivating vectors (SIN). The U3 in pL.B has
~200 nucleotide deletion. The U3 in pLLB2 has a 420 nucle-
otide deletion. The remaining nucleotides in U3 were the
minimum required for integration (~25 nt) and another 20 nt
that significantly improved polyadenylation of the integrated
viral transcript. The HIV US was replaced by a Bovine
Growth Hormone Polyadenylation signal.

FIG. 1C schematically highlights differences between the
MSCYV and pL.B2 vectors.

In addition, the FLIP cassette was modified as well, in
order to include a splice donor and splice acceptor flanking
the miR30, such that the miR30 is contained within an artifi-
cial intron (FIG. 2A). By placing the miR30 in an intron,
miRNA processing was uncoupled from reporter expression,
such that the miR30 was spliced out of the transcript. FIG. 2B
schematically depicts the FLIP vector comprising the miRNA
in an intron.

The GFP-intron-miR30 is maintained in the antisense until
reversed by Cre action on flanking loxP sites (purple and
orange arrows). The intron cannot be maintained in the sense
orientation of retro/lentiviruses, as the genome is RNA.

The intron follows the GFP (or other marker gene) within
30 nucleotides of the STOP codon so as to avoid nonsense-
mediated decay of the transcript.

Example 2

pLB2 Constructs Demonstrate Enhanced Expression
Following Cre-Mediated Recombination

In order to determine whether efficient intron splicing from
the FLIP vector occurred, cellular mRNA was assayed by
reverse transcription PCR, and expression was compared to
PCR of genomic DNA. PCR amplification of only the tran-
script derived from FLIP vectors occurred, which that been
reversed by Cre activity (F1G. 3). Whereas constructs without
an intron produced similarly sized products, PCR of mRNA
derived from the intron-containing sample produced a signifi-
cantly smaller fragment.

FACS analysis of marker expression was conducted on
cells transduced with the pLLB2 constructs and compared to
pLB construct-mediated expression. FIG. 4 demonstrates that
inclusion ofthe intron enhanced expression of reporter. While
all the constructs, when exposed to Cre, and assayed by FACS
produced GFP+ cells, inclusion in an intron increased expres-
sion.

Similarly, FIG. 5 demonstrates that placement of miR30 in
an intron maintains its ability to “knock down” or diminish
target gene expression. miR30 targeting integrin alpha-4 (sur-
face protein) and assayed by FACS, following Cre expression
(green plot), lowered surface alpha-4 expression by about
6-fold as compared to the FLIP vector without Cre (orange
plot).

The miR30 constructs when placed in an intron produced
greater expression of the miRNA, and enhanced targeted
knockdown in vitro.

Functionally, placing the miR30 in an intron increased
reporter expression. Such enhanced expression may be attrib-
utable to splicing being coupled to mRNA export from the
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nucleus to the cytoplasm and/or miR30 processing (cleavage
and excision of the hairpin) and translation being mutually
exclusive, as miR30 processing results in transcript destruc-
tion. By placing miR30 in an intron, the processing is
uncoupled from translation.

Example 3
In Vivo pLB2 Expression

A scheme for generating mice transgenic for pL.B2 expres-
sion is presented in FIG. 6. Embryonic stem cells (ESC) that
express Cre from the VEGF-R2 (Flk1) locus, which turns on
Cre expression at about embryonic day 8 were infected with
pLB2 containing the FLIP cassette, and transduced cells were
selected with puromycin. Using tetraploid complementation,
the pLB2-infected ES cells were injected to blastocysts, and
generated embryos derived exclusively from the pl.B2-in-
fected ES cells.

FIG. 7 demonstrates GFP expression in the yolk sacs of
e8.5 embryos thus derived. As evident from the figure, cells
that are “blood islands” represent the endothelial precursor
cells, the only that express Flk1 (and hence Cre) about 1 day
prior to embryo removal, and thus are “stained” by specific
GFP expression.

Similarly, FIG. 8 demonstrates embryos derived at stage
€9.5 from adult pL. B2-FLIP transgenic males crossed to Mox-
Cre females. Mox-Cre is expressed very early in embryos (e2
or e€3). Embryos inheriting both the pL.LB2 vector and Cre
exhibited GFP+ throughout, as compared to embryos lacking
Cre.

The microRNA in antisense orientation was not processed
to generate effective RNAI intermediates, nor did the anti-
sense disrupt marker gene translation or virus production,
indicating that the constructs provide for specific, controlled
regulation of gene expression.

Example 4
Multiple Knockdowns with pL.LB2

FIG. 9A presents a scheme for multiple gene knockdowns.
The miR30s can be concatamerized to knockdown more than
1 gene with a single vector. FIG. 9B demonstrates targeted
knockdown of p53 and PTEN tumor suppressors using the
scheme of FIG. 9A. In this aspect, cooperative knockdown of
related or suspected related gene products can be obtained.

FIGS. 9C and 9D demonstrates targeted knockdown of p53
and PTEN tumor suppressors using the scheme of FIG. 9A
respectively, as well, including comparative expression pro-
files of expression in an intron, or not.

FIGS. 9E and F demonstrates a pFLIP construct in which
GFP was replaced with the oncogene c-Myc. The immunob-
lot showed Cre-regulated expression of a c-Myc transgene
incorporating an HA tag. Such a construct provided for the
ability to combine c-Myc expression with targeted knock-
down of p53, or PTEN expression, or pS3/PTEN expression
in an intron, which in turn allowed for the examination of
oncogene-tumor suppressor interactions. The miRNAs
expressed from the construct are endogenous (from the
mouse genome), and mediate cellular differentiation by sup-
pressing a set of genes. FIG. 9E further demonstrates, in one
embodiment of the invention, the ability to regulate miRNA
expression by flipping sense to antisense, a generally appli-
cable method for gene regulation.
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These constructs represent embodiments of the invention,
whereby cooperative and/or antagonistic relationships can be
instituted, evaluated, and/or used for therapy in complex dis-
eases and/or conditions.

Example 5

Regulated Gene Expression in Hematopoietic Cells

In order to determine whether regulated expression could
be accomplished in adult animals, bone marrow reconstitu-
tions were conducted, using Cre-ER donor marrow infected
with FLIP vector puro2AGFP/Thyl.1+miRNA(s). Three
months post-transfer of infected bone marrow, mice were
treated with tamoxifen (TMX). Peripheral blood leukocytes
were collected 1 week after tamoxifen treatment and ana-
lyzed by fluorescent activated cell sorting (FACS) for changes
in marker expression.

Immunoblots of spleens of mice subjected to bone marrow
reconstitution with Cre-ER donor marrow infected with FLIP
vector puro2 AGFP/Thyl.1+miRNA(s) were probed for the
expression of the knocked down gene product as a measure of
the ability to regulate expression. Three months post-transfer
of infected bone marrow, mice were treated with tamoxifen
and 1 week later spleens were harvested and sorted for
Thy1.1+ cells (FIG. 10B). Each construct effectively resulted
in reduced expression of the indicated gene product.

Regulated expression was further evaluated in vivo, as
well, via methods similar to those described in Example 4.
Lenti FLIP-p53 transgenic mice were crossed to Mox-Cre
males (FIG. 10C). Tails of the siblings were visualized, with
animals expressing Cre failing to exhibit fluorescence. Simi-
larly (FIG. 10D) lenti FLIP-p53 transgenic mice crossed to
Tie2-Cre (hematopietic Cre). B cells isolated, stimulated and
cultured with or without Doxorubicin were evaluated for
fluorescence. GFP+ cells expressed the p53 knockdown and
exhibited a significant growth advantage in the presence of
Doxorubicin.

Example 6

Tissue Specific Oncogene Expression

In order to determine whether tissue specific oncogene
expression could be accomplished, mouse bone marrow
reconstitutions with CD19-Cre (B cell Cre) donor marrow
infected with FLIP vector puro2 AGFP/c-Myc+miR-p53 was
accomplished. Fourteen weeks post-transfer, spleens and
lymph nodes of moribund mice were analyzed by FACS for
marker expression (FIG. 11A). Spleen cells were cultured in
vitro for 9 days prior to analysis by FACS. Similarly, spleen
and lymph nodes were assessed for c-Myc expression by
immunoblot (FIG. 11B), with both organs showing good
expression of the oncogene.

Immunoblots of spleens of mice subjected to bone marrow
reconstitution with Cre-ER It will be appreciated by persons
skilled in the art that the present invention is not limited by
what has been particularly shown and described herein above
and that numerous modifications, all of which fall within the
scope of
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1
<211> LENGTH: 466

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: GFP-miR30 flanked by NotI-Pmel and splice donor

and acceptor sequences

<400> SEQUENCE: 1

agtagcggec
cagcacatat
cttggaaaca
atattgcetgt
taggattcca
agcaattatc
agctgaatta

aacccctgac

caattgcagg

actatgtttg

cttgctggga

tgacagtgag

attcagcggyg

ttgtttacta

aaatggtata

tctecececttt

<210> SEQ ID NO 2
<211> LENGTH: 467

<212> TYPE:

DNA

tgagtgggcyg
aatgaggcett
ttacttctte
cgagcteeeg
agcctgecta
aaactgaata
aattaaatca

tttttttect

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: GFP-miR30 flanked by NotI-Pmel and splice donor

and acceptor sequences

<400> SEQUENCE: 2

agtagcggec
cagcacatat
cttggaaaca
atattgcetgt
gtaaataatg
gagcaattat
aagctgaatt

aaacccctga

caattgcagg

actatgtttg

cttgctggga

tgacagtgag

atggtgaaat

cttgtttact

aaaatggtat

ctctecectt

<210> SEQ ID NO 3
<211> LENGTH: 10849

<212> TYPE:

DNA

tgagtgggcyg
aatgaggcett
ttacttctte
cgccgacatt
gtegttgect
aaaactgaat
aaattaaatc

ttttttttec

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: pLB2 construct comprising the
containing miR30 targeting FireFly luciferase

<400> SEQUENCE: 3

gtcgacggat
atgccgeata
gegegagcaa
tgcttagggt
attgattatt

attaccgect

cgggagatct
gttaagccag
aatttaagct
taggegtttt
gactagtcat

ttgagtgage

ccecgateccee

tatctgetee

acaacaaggc

gegetgette

gttetttect

tgataccget

gecgcaagece
cagtacttta
aggttaaccc
tgaattggaa
ctgectegga
ccttgetate
cttttttcaa

ccaggtatge

gecgcaagece
cagtacttta
aggttaaccc
tcaccatcat
actgecctegyg
accttgetat
acttttttca

tccaggtatg

tatggtgcac

ctgcttgtgt

aaggcttgac

gegatgtacyg

gegttatcce

cgcegeaged

ttgttaagtg

cagaatcgtt

aacagaaggc

tcctagtgaa

attcaagggyg

tctttgatac

ttggaagact

ataaac

ttgttaagtg

cagaatcgtt

aacagaaggc

tatttagtga

aattcaaggyg

ctectttgata

attggaagac

cataaac

tctcagtaca

gttggaggtc

cgacaattge

ggccagatat

ctgattetgt

gaacgaccga

ctegettegy
gectgcacat
tcgagaaggt
gccacagatg
ctactttagyg
atttttacaa

aatgcgttta

ctegettegy
gectgcacat
tcgagaaggt
agccacagat
gctactttag
catttttaca

taatgegttt

FLIP cassette

atctgetcetyg

getgagtagt

atgaagaatc

acgcgttgac

ggataaccgt

dcgcagegag

60

120

180

240

300

360

420

466

60

120

180

240

300

360

420

467

60

120

180

240

300

360
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tcagtgageg aggaagcgga agagcgecca atacgcaaac cgectctece cgegegttgg 420
ccgattcatt aatgcagetg gcacgacagg tttcccgact ggaaagceggyg cagtgagcege 480
aacgcaatta atgtgagtta gctcactcat taggcacccce aggctttaca ctttatgett 540
ceggetegta tgttgtgtgg aattgtgage ggataacaat ttcacacagyg aaacagctat 600
gaccatgatt acgccaagcg cgcaattaac cctagecttaa tgtagtctta tgcaatactce 660
ttgtagtctt gcaacatggt aacgatgagt tagcaacatg ccttacaagyg agagaaaaag 720
caccgtgcat gccgattggt ggaagtaagg tggtacgatce gtgecttatt aggaaggcaa 780
cagacgggte tgacatggat tggacgaacc actgaattge cgcattgcag agatattgta 840
tttaagtgce tagctcgata caataaacgg gtetcetetgg ttagaccaga tctgagectg 900
ggagctcetet ggctaactag ggaacccact gettaagect caataaaget tgecttgagt 960
gcttcaagta gtgtgtgcce gtetgttgtg tgactctggt aactagagat ccctcagacce 1020
cttttagtca gtgtggaaaa tctctagcag tggcgcccga acagggactt gaaagcgaaa 1080
gggaaaccag aggagctcte tcgacgcagg actceggettg ctgaagegeg cacggcaaga 1140
ggcgagggge ggcgactggt gagtacgcca aaaattttga ctagcggagg ctagaaggag 1200
agagatgggt gcgagagcgt cagtattaag cgggggagaa ttagatcgcg atgggaaaaa 1260
attcggttaa ggccaggggyg aaagaaaaaa tataaattaa aacatatagt atgggcaagc 1320
agggagctag aacgattcgc agttaatcct ggcctgttag aaacatcaga aggctgtaga 1380
caaatactgg gacagctaca accatccctt cagacaggat cagaagaact tagatcatta 1440
tataatacag tagcaaccct ctattgtgtg catcaaagga tagagataaa agacaccaag 1500
gaagctttag acaagataga ggaagagcaa aacaaaagta agaccaccgc acagcaagceg 1560
gcecggecgeg ctgatcttca gacctggagg aggagatatg agggacaatt ggagaagtga 1620
attatataaa tataaagtag taaaaattga accattagga gtagcaccca ccaaggcaaa 1680
gagaagagtg gtgcagagag aaaaaagagc agtgggaata ggagctttgt tccttgggtt 1740
cttgggagca gcaggaagca ctatgggege agegtcaatyg acgctgacgyg tacaggccag 1800
acaattattg tctggtatag tgcagcagca gaacaatttg ctgagggcta ttgaggcgca 1860
acagcatctg ttgcaactca cagtctgggg catcaagcag ctccaggcaa gaatcctggce 1920
tgtggaaaga tacctaaagg atcaacagct cctggggatt tggggttgct ctggaaaact 1980
catttgcacc actgctgtge cttggaatgce tagttggagt aataaatctc tggaacagat 2040
ttggaatcac acgacctgga tggagtggga cagagaaatt aacaattaca caagcttaat 2100
acactcctta attgaagaat cgcaaaacca gcaagaaaag aatgaacaag aattattgga 2160
attagataaa tgggcaagtt tgtggaattg gtttaacata acaaattggc tgtggtatat 2220
aaaattattc ataatgatag taggaggctt ggtaggttta agaatagttt ttgctgtact 2280
ttctatagtg aatagagtta ggcagggata ttcaccatta tcgtttcaga cccacctcce 2340
aacceccgagg ggacccgaca ggcccgaagg aatagaagaa gaaggtggag agagagacag 2400
agacagatcc attcgattag tgaacggatc ggcactgcegt gcgccaattce tgcagacaaa 2460
tggcagtatt catccacaat tttaaaagaa aaggggggat tggggggtac agtgcagggg 2520
aaagaatagt agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta 2580
caaaaattca aaattttcgg gtttattaca gggacagcag agatccagtt tggttagtac 2640
cgggcceeggt getttgctet gagccagcece accagtttgg aatgactcect ttttatgact 2700
tgaattttca agtataaagt ctagtgctaa atttaatttg aacaactgta tagtttttgc 2760
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tggttggggg aaggaaaaaa aatggtggca gtgttttttt cagaattaga agtgaaatga 2820
aaacttgttg tgtgtgagga tttctaatga catgtggtgg ttgcatactg agtgaagccg 2880
gtgagcattc tgccatgtca cccecctegtg ctcagtaatg tactttacag aaatcctaaa 2940
ctcaaaagat tgatataaac catgcttctt gtgtatatcc ggtctcttet ctgggtagtce 3000
tcactcagcce tgcatttetg ccagggcccg ctctagatcect agacggttga tcetggcectcece 3060
gegecegggtt ttggegecte ccegegggege ccccectecte acggcgageg ctgecacgte 3120
agacgaaggg cgcaggagcg ttcctgatce ttecgcecegyg acgctcagga cagceggeccyg 3180
ctgctcataa gactcggcect tagaacccca gtatcagcag aaggacattt taggacggga 3240
cttgggtgac tctagggcac tggttttctt tccagagagce ggaacaggcg aggaaaagta 3300
gtcececttete ggcgattcectg cggagggatce tccgtgggge ggtgaacgcece gatgattata 3360
taaggacgcg ccgggtgtgg cacagctagt tcegtcgcag ccgggatttg ggtecgeggtt 3420
cttgtttgtg gatcgctgtyg atcgtcactt ggtgagttgce gggctgctgg getggcecggg 3480
getttegtgyg cegecgggee geteggtggg acggaagegt gtggagagac cgcecaaggge 3540
tgtagtcetgg gtccgcgage aaggttgcce tgaactgggg gttgggggga gcegcacaaaa 3600
tggcggcetgt tcccgagtet tgaatggaag acgcttgtaa ggcgggctgt gaggtcegttg 3660
aaacaaggtg gggggcatgg tgggcggcaa gaacccaagg tcttgaggcce ttcecgctaatg 3720
cgggaaagct cttattcggg tgagatgggce tggggcacca tctggggacce ctgacgtgaa 3780
gtttgtcact gactggagaa ctcgggtttg tcgtectggtt gegggggcegg cagttatgeg 3840
gtgcegttgg gcagtgcace cgtacctttg ggagcgcgeg cctegtegtg tcecgtgacgte 3900
acccgttetg ttggcttata atgcagggtg gggccacctg ccggtaggtg tgcggtaggce 3960
ttttctecgt cgcaggacgce agggtteggg cctagggtag gectctectga atcgacaggce 4020
gccggaccete tggtgagggg agggataagt gaggcgtcag tttetttggt cggttttatg 4080
tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgectcgg ggttggcgag 4140
tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa 4200
ttttcagtgt tagactagta aattgtccgce taaattctgg ccgtttttgg cttttttgtt 4260
agacgaagta cgcgctagcec gttaataagce ctcgatgegg atccataact tcegtatagga 4320
taccttatac gaagttatct caggtaccgc caccatgacc gagtacaagc ccacggtgcg 4380
cctegecace cgcgacgacg tccccaggge cgtacgcace ctegecgeceyg cgttegecga 4440
ctacceccgee acgcegecaca ccgtcgatcee ggaccgcecac atcgageggyg tcaccgaget 4500
gcaagaactc ttectcacge gcgteggget cgacatcggce aaggtgtggg tcgcggacga 4560
cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg cggtgttege 4620
cgagatcgge ccgegeatgg ccgagttgag cggttecegyg ctggecgege agcaacagat 4680
ggaaggccte ctggegcecge accggeccaa ggagceccgeg tggttectgg ccaccgtegyg 4740
cgtetegece gaccaccagg gcaagggtcet gggcagegece gtegtgetece ccggagtgga 4800
ggcggecgayg cgegecegggg tgcecgectt cctggagacce tecgegecce gcaacctece 4860
cttctacgag cggctegget tcaccgtcac cgecgacgte gaggtgccceyg aaggaccgceg 4920
cacctggtge atgacccgca agcccggtge cctgtacaag aaacagaaaa ttgtggcace 4980
agtgaaacag actttgaatt ttgaccttct caagttggcg ggagacgtcg agtccaaccce 5040
tgggcccatg aacccagcca tcagegtcecge tctectgete tcagtecttge aggtgteccg 5100



93

US 9,043,994 B2

94

-continued
agggcagaag gtgaccagcc tgacagectg cctggtgaac caaaacctte gcctggactg 5160
ccgecatgag aataacacca aggataactce catccagecat gagttcagece tgacccgaga 5220
gaagaggaag cacgtgctct caggcaccct cgggatacce gagcacacgt accgctccecg 5280
cgtcacccte tccaaccage cctatatcaa ggteccttacce ctagccaact tcaccaccaa 5340
ggatgagggc gactactttt gtgagcttcg agtctcgggce gcgaatccca tgagctcecaa 5400
taaaagtatc agtgtgtata gagacaaact ggtcaagtgt ggcggcataa gcctgctggt 5460
tcagaacaca tcctggatgce tgctgctgct gctttceecte tecctectee aagccectgga 5520
cttcatttct ctgtgatcta gaagccataa cttcecgtatag tacacattat acgaagttat 5580
gtttaaacgc attagtcttc caattgaaaa aagtgattta atttatacca ttttaattca 5640
gctttgtaaa aatgtatcaa agagatagca aggtattcag ttttagtaaa caagataatt 5700
gctectaaag tagcececcttg aattccgagg cagtaggcag gctcecccgetg aattggaatce 5760
ctacatctgt ggcttcacta ggattccaat tcacgggagc tcgctcactg tcaacagcaa 5820
tataccttct cgageccttet gttgggttaa cctgaagaag taatcccage aagtgtttcece 5880
aagatgtgca ggcaacgatt ctgtaaagta ctgaagcctc attcaaacat agtatatgtg 5940
ctgccgaagce gagcacttaa caaggcttgce ggccgctact tgtacagctce gtccatgecg 6000
agagtgatcc cggcggcggt cacgaactcce agcaggacca tgtgatcgeg cttetegttg 6060
gggtctttge tcagggcgga ctgggtgctce aggtagtggt tgtcgggcag cagcacgggy 6120
ccgtecgecga tgggggtgtt ctgctggtag tggtcggega getgcacget gecgtecteg 6180
atgttgtggce ggatcttgaa gttcaccttg atgeccgttet tectgecttgte ggccatgata 6240
tagacgttgt ggctgttgta gttgtactcce agettgtgecc ccaggatgtt gecgtcectcece 6300
ttgaagtcga tgcccttcecag ctecgatgcecgg ttcaccaggg tgtcgcccte gaacttcacce 6360
tcggegeggg tettgtagtt gecgtegtcee ttgaagaaga tggtgcgcte ctggacgtag 6420
ccttegggca tggcggactt gaagaagtcg tgctgcttca tgtggtcggg gtageggetg 6480
aagcactgca cgccgtaggt cagggtggte acgagggtgg gccagggcac gggcagettg 6540
ccggtggtge agatgaactt cagggtcage ttgccgtagg tggcatcgecce ctegeccteg 6600
ccggacacgce tgaacttgtg gecgtttacg tcgecgteca gectcgaccag gatgggcacce 6660
acccecggtga acagctcecte geccttgete accatggtgg cgaccggtat aacttcegtat 6720
aaggtatcct atacgaagtt atccattcag gctgtgctag catcaatggce atggcacaaa 6780
gcttagccat aacttcgtat aatgtgtact atacgaagtt atccctgttt aagggttecg 6840
gttccactag gtacaattcg atatcaagct tatcgataat caacctctgg attacaaaat 6900
ttgtgaaaga ttgactggta ttcttaacta tgttgctect tttacgctat gtggatacgce 6960
tgctttaatg cctttgtatc atgctattge ttcccgtatg getttcattt tetectectt 7020
gtataaatcc tggttgctgt ctetttatga ggagttgtgg cccgttgtca ggcaacgtgg 7080
cgtggtgtge actgtgtttg ctgacgcaac ccccactggt tggggcattg ccaccacctg 7140
tcagctectt teccgggactt tegetttcecce cctecctatt geccacggcecgg aactcatcegce 7200
cgectgectt geccgectget ggacaggggce tceggctgttg ggcactgaca attccegtggt 7260
gttgtcgggg aaatcatcgt cctttecttg getgctegee tgtgttgeca cctggattcet 7320
gcgegggacyg tecttetget acgtceccectte ggccctcaat ccagcggacce ttecttececy 7380
cggcctgetg cecggcectcectge ggectcettee gegtettege cttegeccte agacgagtceg 7440
gatctceett tgggecgect cceccgcatceg ataccgtcga cctcgatcga gacctagaaa 7500
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aacatggagc aatcacaagt agcaatacag cagctaccaa tgctgattgt gectggctag 7560
aagcacaaga ggaggaggag gtgggttttc cagtcacacc tcaggtacca agcatggggt 7620
aaagtactgt tctcatcaca tcatatcaag gttatatacc atcaatattg ccacagatgt 7680
tacttagcct tttaatattt ctctaattta gtgtatatgc aatgatagtt ctctgatttce 7740
tgagattgag tttctcatgt gtaatgatta tttagagttt ctctttcatc tgttcaaatt 7800
tttgtctagt tttatttttt actgatttgt aagacttctt tttataatct gcatattaca 7860
attctcttta ctggggtgtt gcaaatattt tctgtcattc tatggcctga cttttcettaa 7920
tggtttttta attttaaaaa taagtcttaa tattcatgca atctaattaa caatcttttce 7980
tttgtggtta ggactttgag tcataagaaa tttttctcecta cactgaagtc atgatggcat 8040
gcttctatat tattttctaa aagatttaaa gttttgcctt cteccatttag acttataatt 8100
cactggaatt tttttgtgtg tatggtatga catatgggtt cccttttatt ttttacatat 8160
aaatatattt ccctgttttt ctaaaaaaga aaaagatcat cattttccca ttgtaaaatg 8220
ccatattttt ttcataggtc acttacatat atcaatgggt ctgtttctga gctctactct 8280
attttatcag cctcactgtc tatccccaca catctcatge tttgctctaa atcttgatat 8340
ttagtggaac attctttccc attttgttct acaagaatat ttttgttatt gtcecttttggg 8400
cttctatata cattttagaa tgaggttggc aaggtacctt taagaccaat gacttacaag 8460
gcagctgtag atcttagcca ctttttaaaa gaaaaggggg gactggaagg gctaattcac 8520
tceccagetge tttttgectg tactgggtcet ctetggttag accagatctg agectgggag 8580
ctctectgget aactagggaa cccactgcett aagectcata aagctcgact gtgecttcecta 8640
gttgccagec atctgttgtt tgcccctece cecgtgectte cttgaccectg gaaggtgceca 8700
ctcccactgt cctttcecctaa taaaatgagg aaattgcatc gecattgtctg agtaggtgtce 8760
attctattct ggggggtggyg gtggggcagg acagcaaggg ggaggattgg gaagacaata 8820
gcaggcatge tggggatgcg gtccggactg tactgggtet ctectggttag accagatcetg 8880
agcctgggag ctctetgget aactagggaa cccactgcett aagcctcaat aaagcettgece 8940
ttgagtgctt caagtagtgt gtgcccgtct gttgtgtgac tctggtaact agagatccct 9000
cagacccttt tagtcagtgt ggaaaatctc tagcagcatg tgagcaaaag gccagcaaaa 9060
ggccaggaac cgtaaaaagg ccgcgttget ggegttttte cataggctcce gcccccectga 9120
cgagcatcac aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag 9180
ataccaggcg tttceccecetg gaagcteccct cgtgegetet cectgttceccga cectgecget 9240
taccggatac ctgtccgect ttetceectte gggaagegtg gegcetttcte atagctcacg 9300
ctgtaggtat ctcagttcgg tgtaggtcgt tcgctccaag ctgggctgtg tgcacgaacce 9360
ccecgtteag ceccgaccget gegecttate cggtaactat cgtcttgagt ccaaccecggt 9420
aagacacgac ttatcgccac tggcagcage cactggtaac aggattagca gagcgaggta 9480
tgtaggcggt gctacagagt tcecttgaagtg gtggcctaac tacggctaca ctagaagaac 9540
agtatttggt atctgcgctce tgctgaagcce agttaccttc ggaaaaagag ttggtagcetce 9600
ttgatccgge aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat 9660
tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatce ttttctacgg ggtctgacgce 9720
tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt 9780
cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta 9840
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aacttggtct gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct 9900
atttcgttca tccatagttg cctgactcce cgtegtgtag ataactacga tacgggaggg 9960
cttaccatct ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggcteccaga 10020
tttatcagca ataaaccagc cagccggaag ggccgagcege agaagtggtce ctgcaacttt 10080
atccgectee atccagtcecta ttaattgttg ccgggaaget agagtaagta gttcgecagt 10140
taatagtttg cgcaacgttg ttgccattgc tacaggcatc gtggtgtcac gctcgtegtt 10200
tggtatggct tcattcagect ccggtteccca acgatcaagg cgagttacat gatcccccat 10260
gttgtgcaaa aaagcggtta gctceccttegg tectecgate gttgtcagaa gtaagttgge 10320
cgcagtgtta tcactcatgg ttatggcagc actgcataat tctcecttactg tcatgeccatce 10380
cgtaagatgce ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat 10440
gcggcgacceg agttgctcectt gcecceceggegte aatacgggat aataccgcgce cacatagcag 10500
aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct caaggatctt 10560
accgctgttg agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatce 10620
ttttactttc accagcgttt ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa 10680
gggaataagg gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg 10740
aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa 10800
taaacaaata ggggttccge gcacatttce ccgaaaagtg ccacctgac 10849
<210> SEQ ID NO 4
<211> LENGTH: 2530
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pFLIP insert comprising an RNAi to p53
<400> SEQUENCE: 4
tccataactt cgtataggat accttatacg aagttatcte aggtaccgec accatgaccg 60
agtacaagcce cacggtgcge ctcgccaccce gegacgacgt ccccagggece gtacgcacce 120
tegeegecege gttegecgac tacccegeca cgegecacac cgtegatceg gaccgecaca 180
tcgagegggt caccgagetg caagaactcet tectcacgeg cgtegggete gacatcggca 240
aggtgtgggt cgcggacgac ggcgccgegyg tggeggtetyg gaccacgeceyg gagagegteg 300
aagcggggge ggtgttegece gagatcggece cgegecatgge cgagttgage ggtteccgge 360
tggcegegea gcaacagatg gaaggcectece tggegecgea ceggeccaag gageccgegt 420
ggttccetgge caccgtegge gtctegecceg accaccaggg caagggtcetg ggcagcegecyg 480
tegtgetece cggagtggag geggccgage gegeceggggt gecegectte ctggagacct 540
cegegecceg caacctecce ttectacgage ggeteggett caccgtcace gcecgacgteg 600
aggtgcccga aggaccgege acctggtgea tgacccgcaa geccggtgece ctgtacaaga 660
aacagaaaat tgtggcacca gtgaaacaga ctttgaattt tgaccttcte aagttggcgg 720
gagacgtcga gtccaaccct gggeccatga acccagecat cagcegteget ctectgetet 780
cagtcttgca ggtgtcccga gggcagaagg tgaccagect gacagectge ctggtgaace 840
aaaacctteg cctggactge cgccatgaga ataacaccaa ggataactcce atccagcatg 900
agttcagcct gacccgagag aagaggaagce acgtgctcete aggcacccte gggatacccg 960
agcacacgta ccgctccege gtcaccctcet ccaaccagec ctatatcaag gtecttacce 1020
tagccaactt caccaccaag gatgagggcg actacttttg tgagcttcga gtctcecgggeg 1080
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cgaatcccat gagctccaat aaaagtatca gtgtgtatag agacaaactg gtcaagtgtg 1140
gcggcataag cctgctggtt cagaacacat cctggatget getgcetgetg ctttecctet 1200
ccetecteca agecctggac ttcatttcecte tgtgatctag aagccataac ttcegtatagt 1260
acacattata cgaagttatg tttaaacgca ttagtcttcc aattgaaaaa agtgatttaa 1320
tttataccat tttaattcag ctttgtaaaa atgtatcaaa gagatagcaa ggtattcagt 1380
tttagtaaac aagataattg ctcctaaagt agccccttga attccgaggce agtaggcatce 1440
cactacaagt acatgtgtaa tacatctgtg gcttcactat tacacatgta cttgtagtgg 1500
gcgctcactyg tcaacagcaa tataccttcect cgageccttet gttgggttaa cctgaagaag 1560
taatcccage aagtgtttcecc aagatgtgca ggcaacgatt ctgtaaagta ctgaagcctce 1620
attcaaacat agtatatgtg ctgccgaagc gagcacttaa caaggcttgce ggccgctact 1680
tgtacagcte gtccatgcceg agagtgatce cggeggeggt cacgaactcece agcaggacca 1740
tgtgatcgeg cttcetegttyg gggtetttge tcagggcgga ctgggtgcte aggtagtggt 1800
tgtcgggcag cagcacgggg ccgtcecgecga tgggggtgtt ctgctggtag tggtcecggega 1860
gctgcacget gecgtecteg atgttgtgge ggatcttgaa gttcaccttg atgecgttet 1920
tctgecttgte ggccatgata tagacgttgt ggetgttgta gttgtactce agettgtgece 1980
ccaggatgtt gccgtcctece ttgaagtcga tgcceccttcecag ctcgatgcgg ttcaccaggg 2040
tgtcgeecte gaacttcacce teggcecgeggg tcecttgtagtt gecgtegtece ttgaagaaga 2100
tggtgcgecte ctggacgtag ccttcecgggca tggcggactt gaagaagtcg tgctgcttca 2160
tgtggteggg gtagcggetyg aagcactgca cgccgtaggt cagggtggtce acgagggtgg 2220
gccagggcecac gggcagcecttg ccggtggtge agatgaactt cagggtcagce ttgccgtagg 2280
tggcatcgee ctcegeccteg cecggacacge tgaacttgtg gecgtttacg tegeccegteca 2340
gctcgaccag gatgggcace accccggtga acagctcecte geccttgetce accatggtgg 2400
cgaccggtat aacttcgtat aaggtatcct atacgaagtt atccattcag gectgtgctag 2460
catcaatggc atggcacaaa gcttagccat aacttcgtat aatgtgtact atacgaagtt 2520
atccecgggtt 2530
<210> SEQ ID NO 5
<211> LENGTH: 1205
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: GFP-miR30 flanked by a single loxP site
<400> SEQUENCE: 5
atggataact tcgtatagga taccttatac gaagttatac cggtcgccac catggtgage 60
aagggcgagg agctgttcac cggggtggtg ceccatcctgg tegagetgga cggegacgta 120
aacggccaca agttcagegt gtccggegag ggcgagggeg atgcecaccta cggcaagcetg 180
accctgaagt tcatctgcac caccggcaag ctgcccegtge cctggeccac cctegtgace 240
accctgacct acggegtgca gtgcttcage cgetacceeg accacatgaa gcagcacgac 300
ttcttcaagt ccgccatgcee cgaaggctac gtcecaggage gcaccatctt cttcaaggac 360
gacggcaact acaagacccg cgccgaggtg aagttcgagg gegacaccct ggtgaaccge 420
atcgagctga agggcatcga cttcaaggag gacggcaaca tcectggggcea caagcetggag 480
tacaactaca acagccacaa cgtctatatc atggccgaca agcagaagaa cggcatcaag 540
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gtgaacttca agatccgcca caacatcgag gacggcagceg tgcagctege cgaccactac 600
cagcagaaca cccccategg cgacggeccee gtgetgetge cegacaacca ctacctgage 660
acccagtceg ccctgagcaa agaccccaac gagaagcegeg atcacatggt cctgetggag 720
ttegtgaceg ccgecgggat cactctegge atggacgage tgtacaagta gcggecgcaa 780
gecttgttaa gtgctegett cggcagcaca tatactatgt ttgaatgagg cttcagtact 840
ttacagaatc gttgcctgca catcttggaa acacttgetg ggattactte ttcaggttaa 900
cccaacagaa ggctcgagaa ggtatattge tgttgacagt gagcgcccac tacaagtaca 960
tgtgtaatag tgaagccaca gatgtattac acatgtactt gtagtggatg cctactgect 1020
cggaattcaa ggggctactt taggagcaat tatcttgttt actaaaactg aataccttgc 1080
tatctctttg atacattttt acaaagctga attaaaatgg tataaattaa atcacttttt 1140
tcaattggaa gactaatgcg tttaaacata acttcgtata atgtgtacta tacgaagtta 1200
tggct 1205
<210> SEQ ID NO 6
<211> LENGTH: 10570
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLB2 comprising the FLIP cassette
<400> SEQUENCE: 6
gtegacggat cgggagatct cccgatccce tatggtgcac tctcagtaca atctgctcetg 60
atgccgcata gttaagcecag tatctgetcece ctgettgtgt gttggaggte getgagtagt 120
gcgegagcaa aatttaagct acaacaaggc aaggcttgac cgacaattgc atgaagaatc 180
tgcttagggt taggegtttt gegetgette gegatgtacyg ggcecagatat acgegttgac 240
attgattatt gactagtcat gttctttcct gcgttatccce ctgattctgt ggataaccgt 300
attaccgect ttgagtgage tgataccget cgecgcagece gaacgaccga gcgcagcegag 360
tcagtgageg aggaagcgga agagcgecca atacgcaaac cgectctece cgegegttgg 420
ccgattcatt aatgcagetg gcacgacagg tttcccgact ggaaagceggyg cagtgagcege 480
aacgcaatta atgtgagtta gctcactcat taggcacccce aggctttaca ctttatgett 540
ceggetegta tgttgtgtgg aattgtgage ggataacaat ttcacacagyg aaacagctat 600
gaccatgatt acgccaagcg cgcaattaac cctagecttaa tgtagtctta tgcaatactce 660
ttgtagtctt gcaacatggt aacgatgagt tagcaacatg ccttacaagyg agagaaaaag 720
caccgtgcat gccgattggt ggaagtaagg tggtacgatce gtgecttatt aggaaggcaa 780
cagacgggte tgacatggat tggacgaacc actgaattge cgcattgcag agatattgta 840
tttaagtgce tagctcgata caataaacgg gtetcetetgg ttagaccaga tctgagectg 900
ggagctcetet ggctaactag ggaacccact gettaagect caataaaget tgecttgagt 960
gcttcaagta gtgtgtgcce gtetgttgtg tgactctggt aactagagat ccctcagacce 1020
cttttagtca gtgtggaaaa tctctagcag tggcgcccga acagggactt gaaagcgaaa 1080
gggaaaccag aggagctcte tcgacgcagg actceggettg ctgaagegeg cacggcaaga 1140
ggcgagggge ggcgactggt gagtacgcca aaaattttga ctagcggagg ctagaaggag 1200
agagatgggt gcgagagcgt cagtattaag cgggggagaa ttagatcgcg atgggaaaaa 1260
attcggttaa ggccaggggyg aaagaaaaaa tataaattaa aacatatagt atgggcaagc 1320
agggagctag aacgattcgc agttaatcct ggcctgttag aaacatcaga aggctgtaga 1380
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caaatactgg gacagctaca accatccctt cagacaggat cagaagaact tagatcatta 1440
tataatacag tagcaaccct ctattgtgtg catcaaagga tagagataaa agacaccaag 1500
gaagctttag acaagataga ggaagagcaa aacaaaagta agaccaccgc acagcaagceg 1560
gcecggecgeg ctgatcttca gacctggagg aggagatatg agggacaatt ggagaagtga 1620
attatataaa tataaagtag taaaaattga accattagga gtagcaccca ccaaggcaaa 1680
gagaagagtg gtgcagagag aaaaaagagc agtgggaata ggagctttgt tccttgggtt 1740
cttgggagca gcaggaagca ctatgggege agegtcaatyg acgctgacgyg tacaggccag 1800
acaattattg tctggtatag tgcagcagca gaacaatttg ctgagggcta ttgaggcgca 1860
acagcatctg ttgcaactca cagtctgggg catcaagcag ctccaggcaa gaatcctggce 1920
tgtggaaaga tacctaaagg atcaacagct cctggggatt tggggttgct ctggaaaact 1980
catttgcacc actgctgtge cttggaatgce tagttggagt aataaatctc tggaacagat 2040
ttggaatcac acgacctgga tggagtggga cagagaaatt aacaattaca caagcttaat 2100
acactcctta attgaagaat cgcaaaacca gcaagaaaag aatgaacaag aattattgga 2160
attagataaa tgggcaagtt tgtggaattg gtttaacata acaaattggc tgtggtatat 2220
aaaattattc ataatgatag taggaggctt ggtaggttta agaatagttt ttgctgtact 2280
ttctatagtg aatagagtta ggcagggata ttcaccatta tcgtttcaga cccacctcce 2340
aacceccgagg ggacccgaca ggcccgaagg aatagaagaa gaaggtggag agagagacag 2400
agacagatcc attcgattag tgaacggatc ggcactgcegt gcgccaattce tgcagacaaa 2460
tggcagtatt catccacaat tttaaaagaa aaggggggat tggggggtac agtgcagggg 2520
aaagaatagt agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta 2580
caaaaattca aaattttcgg gtttattaca gggacagcag agatccagtt tggttagtac 2640
cgggcceeggt getttgctet gagccagcece accagtttgg aatgactcect ttttatgact 2700
tgaattttca agtataaagt ctagtgctaa atttaatttg aacaactgta tagtttttgc 2760
tggttggggg aaggaaaaaa aatggtggca gtgttttttt cagaattaga agtgaaatga 2820
aaacttgttg tgtgtgagga tttctaatga catgtggtgg ttgcatactg agtgaagccg 2880
gtgagcattc tgccatgtca cccecctegtg ctcagtaatg tactttacag aaatcctaaa 2940
ctcaaaagat tgatataaac catgcttctt gtgtatatcc ggtctcttet ctgggtagtce 3000
tcactcagcce tgcatttetg ccagggcccg ctctagatcect agacggttga tcetggcectcece 3060
gegecegggtt ttggegecte ccegegggege ccccectecte acggcgageg ctgecacgte 3120
agacgaaggg cgcaggagcg ttcctgatce ttecgcecegyg acgctcagga cagceggeccyg 3180
ctgctcataa gactcggcect tagaacccca gtatcagcag aaggacattt taggacggga 3240
cttgggtgac tctagggcac tggttttctt tccagagagce ggaacaggcg aggaaaagta 3300
gtcececttete ggcgattcectg cggagggatce tccgtgggge ggtgaacgcece gatgattata 3360
taaggacgcg ccgggtgtgg cacagctagt tcegtcgcag ccgggatttg ggtecgeggtt 3420
cttgtttgtg gatcgctgtyg atcgtcactt ggtgagttgce gggctgctgg getggcecggg 3480
getttegtgyg cegecgggee geteggtggg acggaagegt gtggagagac cgcecaaggge 3540
tgtagtcetgg gtccgcgage aaggttgcce tgaactgggg gttgggggga gcegcacaaaa 3600
tggcggcetgt tcccgagtet tgaatggaag acgcttgtaa ggcgggctgt gaggtcegttg 3660
aaacaaggtg gggggcatgg tgggcggcaa gaacccaagg tcttgaggcce ttcecgctaatg 3720
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cgggaaagct cttattcggg tgagatgggce tggggcacca tctggggacce ctgacgtgaa 3780
gtttgtcact gactggagaa ctcgggtttg tcgtectggtt gegggggcegg cagttatgeg 3840
gtgcegttgg gcagtgcace cgtacctttg ggagcgcgeg cctegtegtg tcecgtgacgte 3900
acccgttetg ttggcttata atgcagggtg gggccacctg ccggtaggtg tgcggtaggce 3960
ttttctecgt cgcaggacgce agggtteggg cctagggtag gectctectga atcgacaggce 4020
gccggaccete tggtgagggg agggataagt gaggcgtcag tttetttggt cggttttatg 4080
tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgectcgg ggttggcgag 4140
tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa 4200
ttttcagtgt tagactagta aattgtccgce taaattctgg ccgtttttgg cttttttgtt 4260
agacgaagta cgcgctagcec gttaataagce ctcgatgegg atccataact tcegtatagga 4320
taccttatac gaagttatct caggtaccgc caccatgacc gagtacaagc ccacggtgcg 4380
cctegecace cgcgacgacg tccccaggge cgtacgcace ctegecgeceyg cgttegecga 4440
ctacceccgee acgcegecaca ccgtcgatcee ggaccgcecac atcgageggyg tcaccgaget 4500
gcaagaactc ttectcacge gcgteggget cgacatcggce aaggtgtggg tcgcggacga 4560
cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg cggtgttege 4620
cgagatcgge ccgegeatgg ccgagttgag cggttecegyg ctggecgege agcaacagat 4680
ggaaggccte ctggegcecge accggeccaa ggagceccgeg tggttectgg ccaccgtegyg 4740
cgtetegece gaccaccagg gcaagggtcet gggcagegece gtegtgetece ccggagtgga 4800
ggcggecgayg cgegecegggg tgcecgectt cctggagacce tecgegecce gcaacctece 4860
cttctacgag cggctegget tcaccgtcac cgecgacgte gaggtgccceyg aaggaccgceg 4920
cacctggtge atgacccgca agcccggtge cctgtacaag aaacagaaaa ttgtggcace 4980
agtgaaacag actttgaatt ttgaccttct caagttggcg ggagacgtcg agtccaaccce 5040
tgggcccatg aacccagcca tcagegtcecge tctectgete tcagtecttge aggtgteccg 5100
agggcagaag gtgaccagcc tgacagectg cctggtgaac caaaacctte gcctggactg 5160
ccgecatgag aataacacca aggataactce catccagecat gagttcagece tgacccgaga 5220
gaagaggaag cacgtgctct caggcaccct cgggatacce gagcacacgt accgctccecg 5280
cgtcacccte tccaaccage cctatatcaa ggteccttacce ctagccaact tcaccaccaa 5340
ggatgagggc gactactttt gtgagcttcg agtctcgggce gcgaatccca tgagctcecaa 5400
taaaagtatc agtgtgtata gagacaaact ggtcaagtgt ggcggcataa gcctgctggt 5460
tcagaacaca tcctggatgce tgctgctgct gctttceecte tecctectee aagccectgga 5520
cttcatttct ctgtgatcta gaagccataa cttcecgtatag tacacattat acgaagttat 5580
gtttatgcat acctggagga aaaaaaaaag gggagagtca ggggtttaaa cctggaatga 5640
aaggtcaagg tgtgacgtca gcttgggcgg ccgcccactce acctgcaatt gggccgctac 5700
ttgtacagct cgtccatgec gagagtgatce ccggcggegg tcacgaactce cagcaggacce 5760
atgtgatcge gettectegtt ggggtetttg ctcagggegg actgggtget caggtagtgg 5820
ttgtcgggca gcagcacggg gecgtegecg atgggggtgt tetgectggta gtggteggeg 5880
agctgcacgce tgccgtcecte gatgttgtgg cggatcttga agttcacctt gatgecgtte 5940
ttetgettgt cggccatgat atagacgttg tggctgttgt agttgtactce cagettgtgce 6000
cccaggatgt tgccgtcecte cttgaagtcg atgecccttca getcgatgeg gttcaccagg 6060
gtgtcgcect cgaacttcac cteggcgegg gtcecttgtagt tgccgtegtce cttgaagaag 6120
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atggtgcget cctggacgta gectteggge atggcggact tgaagaagtce gtgcetgette 6180
atgtggtcgg ggtagcggcet gaagcactgce acgccgtagg tcagggtggt cacgagggtg 6240
ggccagggca cgggcagctt gcecggtggtg cagatgaact tcagggtcag cttgccgtag 6300
gtggcatcge cctegeecte gcecggacacg ctgaacttgt ggccgtttac gtegecgtece 6360
agctcgacca ggatgggcac cacccceggtg aacagctect cgccecttget caccatggtg 6420
gcgaccggta taacttcgta taaggtatcc tatacgaagt tatccattca ggctgtgceta 6480
gcatcaatgg catggcacaa agcttagcca taacttcgta taatgtgtac tatacgaagt 6540
tatccectgtt taagggttcc ggttccacta ggtacaattc gatatcaagce ttatcgataa 6600
tcaacctectg gattacaaaa tttgtgaaag attgactggt attcttaact atgttgctcce 6660
ttttacgcta tgtggatacg ctgctttaat gcctttgtat catgctattg cttecccgtat 6720
ggctttcatt ttctectect tgtataaatc ctggttgctg tetcectttatg aggagttgtg 6780
gccegttgte aggcaacgtg gcgtggtgtg cactgtgttt getgacgcaa cccccactgg 6840
ttggggcatt gccaccacct gtcagctcect ttecgggact ttcecgectttee cectcecectat 6900
tgccacggceg gaactcatceg ccgectgect tgcccgetge tggacagggg cteggetgtt 6960
gggcactgac aattccgtgg tgttgtcecggg gaaatcatcg tectttectt ggetgctege 7020
ctgtgttgece acctggattce tgcgcgggac gteccttetge tacgtceccctt cggccctcaa 7080
tccageggac cttecttecee geggectgcet gcececggctetg cggectcectte cgegtetteg 7140
ccttegecct cagacgagtce ggatcteccct ttgggccegece teccccgcate gataccgtceg 7200
acctecgateg agacctagaa aaacatggag caatcacaag tagcaataca gcagctacca 7260
atgctgattg tgcctggcta gaagcacaag aggaggagga ggtgggtttt ccagtcacac 7320
ctcaggtacc aagcatgggg taaagtactg ttctcatcac atcatatcaa ggttatatac 7380
catcaatatt gccacagatg ttacttagcc ttttaatatt tctctaattt agtgtatatg 7440
caatgatagt tctctgattt ctgagattga gtttctcatg tgtaatgatt atttagagtt 7500
tctectttecat ctgttcaaat ttttgtctag ttttattttt tactgatttg taagacttct 7560
ttttataatc tgcatattac aattctcttt actggggtgt tgcaaatatt ttctgtcatt 7620
ctatggcctg acttttctta atggtttttt aattttaaaa ataagtctta atattcatgc 7680
aatctaatta acaatctttt ctttgtggtt aggactttga gtcataagaa atttttctct 7740
acactgaagt catgatggca tgcttctata ttattttcta aaagatttaa agttttgect 7800
tctccattta gacttataat tcactggaat ttttttgtgt gtatggtatg acatatgggt 7860
tcecttttat tttttacata taaatatatt tcecctgtttt tctaaaaaag aaaaagatca 7920
tcattttcece attgtaaaat gccatatttt tttcataggt cacttacata tatcaatggg 7980
tctgtttetg agctctacte tattttatca gcctcactgt ctatccccac acatctcatg 8040
ctttgctcta aatcttgata tttagtggaa cattctttcecce cattttgttce tacaagaata 8100
tttttgttat tgtcttttgg gcttctatat acattttaga atgaggttgg caaggtacct 8160
ttaagaccaa tgacttacaa ggcagctgta gatcttagcc actttttaaa agaaaagggg 8220
ggactggaag ggctaattca ctcccagetg ctttttgcect gtactgggtce tctetggtta 8280
gaccagatct gagcctggga gctcectcectgge taactaggga acccactgcet taagcectcat 8340
aaagctcgac tgtgccttet agttgccage catctgttgt ttgccecctee cecgtgectt 8400

ccttgaccct ggaaggtgcec actcccactg tcectttecta ataaaatgag gaaattgcat 8460
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cgcattgtct gagtaggtgt cattctattc tggggggtgg ggtggggcag gacagcaagg 8520
gggaggattg ggaagacaat agcaggcatg ctggggatgc ggtccggact gtactgggtce 8580
tctetggtta gaccagatct gagcctggga gctcectcectgge taactaggga acccactgcet 8640
taagcctcaa taaagcttge cttgagtgct tcaagtagtg tgtgcccgte tgttgtgtga 8700
ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagcat 8760
gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgcegttge tggegttttt 8820
ccataggcte cgccccectg acgagcatca caaaaatcga cgctcaagtce agaggtggeg 8880
aaacccgaca ggactataaa gataccaggc gtttcccect ggaagctcece tegtgegetce 8940
tcetgttecg accctgcege ttaccggata cctgtceccegece tttceteccecctt cgggaagegt 9000
ggcgcetttet catagctcac gctgtaggta tctcagtteg gtgtaggtcg ttegctcecaa 9060
gctgggctgt gtgcacgaac ccecccgttca geccgaccge tgcgecttat ccggtaacta 9120
tcgtcttgag tccaaccecgg taagacacga cttatcgceca ctggcagcag ccactggtaa 9180
caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa 9240
ctacggctac actagaagaa cagtatttgg tatctgcgect ctgctgaagce cagttacctt 9300
cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta geggtggttt 9360
ttttgtttgce aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 9420
cttttctacg gggtctgacyg ctcagtggaa cgaaaactca cgttaaggga ttttggtcat 9480
gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc 9540
aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc 9600
acctatctca gcgatctgte tatttegtte atccatagtt gectgactcece cegtegtgta 9660
gataactacg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga 9720
cccacgetea cceggetecag atttatcage aataaaccag ccagccggaa gggcecgagceg 9780
cagaagtggt cctgcaactt tatccgectce catccagtet attaattgtt gecgggaagce 9840
tagagtaagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat 9900
cgtggtgtca cgctegtegt ttggtatgge ttcattcage tccggttcece aacgatcaag 9960
gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agctccttceg gtectccgat 10020
cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag cactgcataa 10080
ttctecttact gtcatgccat ccgtaagatg cttttcectgtg actggtgagt actcaaccaa 10140
gtcattctga gaatagtgta tgcggcgacc gagttgctcet tgcccggegt caatacggga 10200
taataccgcg ccacatagca gaactttaaa agtgctcatce attggaaaac gttctteggg 10260
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtge 10320
acccaactga tcttcagcat cttttacttt caccagcegtt tctgggtgag caaaaacagg 10380
aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact 10440
cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat 10500
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt 10560
gccacctgac 10570

<210> SEQ ID NO 7
<211> LENGTH: 10912

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: pLB2 comprising the FLIP cassette with the
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miR30 targeting FireFly luciferase

<400> SEQUENCE: 7

gtegacggat cgggagatct cccgatccce tatggtgcac tctcagtaca atctgctcetg 60
atgccgcata gttaagcecag tatctgetcece ctgettgtgt gttggaggte getgagtagt 120
gcgegagcaa aatttaagct acaacaaggc aaggcttgac cgacaattgc atgaagaatc 180
tgcttagggt taggegtttt gegetgette gegatgtacyg ggcecagatat acgegttgac 240
attgattatt gactagtcat gttctttcct gcgttatccce ctgattctgt ggataaccgt 300
attaccgect ttgagtgage tgataccget cgecgcagece gaacgaccga gcgcagcegag 360
tcagtgageg aggaagcgga agagcgecca atacgcaaac cgectctece cgegegttgg 420
ccgattcatt aatgcagetg gcacgacagg tttcccgact ggaaagceggyg cagtgagcege 480
aacgcaatta atgtgagtta gctcactcat taggcacccce aggctttaca ctttatgett 540
ceggetegta tgttgtgtgg aattgtgage ggataacaat ttcacacagyg aaacagctat 600
gaccatgatt acgccaagcg cgcaattaac cctagecttaa tgtagtctta tgcaatactce 660
ttgtagtctt gcaacatggt aacgatgagt tagcaacatg ccttacaagyg agagaaaaag 720
caccgtgcat gccgattggt ggaagtaagg tggtacgatce gtgecttatt aggaaggcaa 780
cagacgggte tgacatggat tggacgaacc actgaattge cgcattgcag agatattgta 840
tttaagtgce tagctcgata caataaacgg gtetcetetgg ttagaccaga tctgagectg 900
ggagctcetet ggctaactag ggaacccact gettaagect caataaaget tgecttgagt 960

gcttcaagta gtgtgtgcce gtetgttgtg tgactctggt aactagagat ccctcagacce 1020
cttttagtca gtgtggaaaa tctctagcag tggcgcccga acagggactt gaaagcgaaa 1080
gggaaaccag aggagctcte tcgacgcagg actceggettg ctgaagegeg cacggcaaga 1140
ggcgagggge ggcgactggt gagtacgcca aaaattttga ctagcggagg ctagaaggag 1200
agagatgggt gcgagagcgt cagtattaag cgggggagaa ttagatcgcg atgggaaaaa 1260
attcggttaa ggccaggggyg aaagaaaaaa tataaattaa aacatatagt atgggcaagc 1320
agggagctag aacgattcgc agttaatcct ggcctgttag aaacatcaga aggctgtaga 1380
caaatactgg gacagctaca accatccctt cagacaggat cagaagaact tagatcatta 1440
tataatacag tagcaaccct ctattgtgtg catcaaagga tagagataaa agacaccaag 1500
gaagctttag acaagataga ggaagagcaa aacaaaagta agaccaccgc acagcaagceg 1560
gcecggecgeg ctgatcttca gacctggagg aggagatatg agggacaatt ggagaagtga 1620
attatataaa tataaagtag taaaaattga accattagga gtagcaccca ccaaggcaaa 1680
gagaagagtg gtgcagagag aaaaaagagc agtgggaata ggagctttgt tccttgggtt 1740
cttgggagca gcaggaagca ctatgggege agegtcaatyg acgctgacgyg tacaggccag 1800
acaattattg tctggtatag tgcagcagca gaacaatttg ctgagggcta ttgaggcgca 1860
acagcatctg ttgcaactca cagtctgggg catcaagcag ctccaggcaa gaatcctggce 1920
tgtggaaaga tacctaaagg atcaacagct cctggggatt tggggttgct ctggaaaact 1980
catttgcacc actgctgtge cttggaatgce tagttggagt aataaatctc tggaacagat 2040
ttggaatcac acgacctgga tggagtggga cagagaaatt aacaattaca caagcttaat 2100
acactcctta attgaagaat cgcaaaacca gcaagaaaag aatgaacaag aattattgga 2160
attagataaa tgggcaagtt tgtggaattg gtttaacata acaaattggc tgtggtatat 2220

aaaattattc ataatgatag taggaggctt ggtaggttta agaatagttt ttgctgtact 2280
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ttctatagtg aatagagtta ggcagggata ttcaccatta tcgtttcaga cccacctcce 2340
aacceccgagg ggacccgaca ggcccgaagg aatagaagaa gaaggtggag agagagacag 2400
agacagatcc attcgattag tgaacggatc ggcactgcegt gcgccaattce tgcagacaaa 2460
tggcagtatt catccacaat tttaaaagaa aaggggggat tggggggtac agtgcagggg 2520
aaagaatagt agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta 2580
caaaaattca aaattttcgg gtttattaca gggacagcag agatccagtt tggttagtac 2640
cgggcceeggt getttgctet gagccagcece accagtttgg aatgactcect ttttatgact 2700
tgaattttca agtataaagt ctagtgctaa atttaatttg aacaactgta tagtttttgc 2760
tggttggggg aaggaaaaaa aatggtggca gtgttttttt cagaattaga agtgaaatga 2820
aaacttgttg tgtgtgagga tttctaatga catgtggtgg ttgcatactg agtgaagccg 2880
gtgagcattc tgccatgtca cccecctegtg ctcagtaatg tactttacag aaatcctaaa 2940
ctcaaaagat tgatataaac catgcttctt gtgtatatcc ggtctcttet ctgggtagtce 3000
tcactcagcce tgcatttetg ccagggcccg ctctagatcect agacggttga tcetggcectcece 3060
gegecegggtt ttggegecte ccegegggege ccccectecte acggcgageg ctgecacgte 3120
agacgaaggg cgcaggagcg ttcctgatce ttecgcecegyg acgctcagga cagceggeccyg 3180
ctgctcataa gactcggcect tagaacccca gtatcagcag aaggacattt taggacggga 3240
cttgggtgac tctagggcac tggttttctt tccagagagce ggaacaggcg aggaaaagta 3300
gtcececttete ggcgattcectg cggagggatce tccgtgggge ggtgaacgcece gatgattata 3360
taaggacgcg ccgggtgtgg cacagctagt tcegtcgcag ccgggatttg ggtecgeggtt 3420
cttgtttgtg gatcgctgtyg atcgtcactt ggtgagttgce gggctgctgg getggcecggg 3480
getttegtgyg cegecgggee geteggtggg acggaagegt gtggagagac cgcecaaggge 3540
tgtagtcetgg gtccgcgage aaggttgcce tgaactgggg gttgggggga gcegcacaaaa 3600
tggcggcetgt tcccgagtet tgaatggaag acgcttgtaa ggcgggctgt gaggtcegttg 3660
aaacaaggtg gggggcatgg tgggcggcaa gaacccaagg tcttgaggcce ttcecgctaatg 3720
cgggaaagct cttattcggg tgagatgggce tggggcacca tctggggacce ctgacgtgaa 3780
gtttgtcact gactggagaa ctcgggtttg tcgtectggtt gegggggcegg cagttatgeg 3840
gtgcegttgg gcagtgcace cgtacctttg ggagcgcgeg cctegtegtg tcecgtgacgte 3900
acccgttetg ttggcttata atgcagggtg gggccacctg ccggtaggtg tgcggtaggce 3960
ttttctecgt cgcaggacgce agggtteggg cctagggtag gectctectga atcgacaggce 4020
gccggaccete tggtgagggg agggataagt gaggcgtcag tttetttggt cggttttatg 4080
tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgectcgg ggttggcgag 4140
tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa 4200
ttttcagtgt tagactagta aattgtccgce taaattctgg ccgtttttgg cttttttgtt 4260
agacgaagta cgcgctagcec gttaataagce ctcgatgegg atccataact tcegtatagga 4320
taccttatac gaagttatct caggtaccgc caccatgacc gagtacaagc ccacggtgcg 4380
cctegecace cgcgacgacg tccccaggge cgtacgcace ctegecgeceyg cgttegecga 4440
ctacceccgee acgcegecaca ccgtcgatcee ggaccgcecac atcgageggyg tcaccgaget 4500
gcaagaactc ttectcacge gcgteggget cgacatcggce aaggtgtggg tcgcggacga 4560
cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg cggtgttege 4620
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cgagatcgge ccgegeatgg ccgagttgag cggttecegyg ctggecgege agcaacagat 4680
ggaaggccte ctggegcecge accggeccaa ggagceccgeg tggttectgg ccaccgtegyg 4740
cgtetegece gaccaccagg gcaagggtcet gggcagegece gtegtgetece ccggagtgga 4800
ggcggecgayg cgegecegggg tgcecgectt cctggagacce tecgegecce gcaacctece 4860
cttctacgag cggctegget tcaccgtcac cgecgacgte gaggtgccceyg aaggaccgceg 4920
cacctggtge atgacccgca agcccggtge cctgtacaag aaacagaaaa ttgtggcace 4980
agtgaaacag actttgaatt ttgaccttct caagttggcg ggagacgtcg agtccaaccce 5040
tgggcccatg aacccagcca tcagcegtcecge tctectgete tcagtecttge aggtgtceccga 5100
gggcagaagyg tgaccagcct gacagectge ctggtgaacce aaaacctteg cctggactge 5160
cgccatgaga ataacaccaa ggataactcce atccagcatg agttcagect gacccgagag 5220
aagaggaagc acgtgctctce aggcacccte gggatacceg agcacacgta ccgctcccge 5280
gtcaccctet ccaaccagcce ctatatcaag gtccttaccce tagccaactt caccaccaag 5340
gatgagggcg actacttttg tgagcttcga gtctecgggeg cgaatcccat gagctccaat 5400
aaaagtatca gtgtgtatag agacaaactg gtcaagtgtg gcggcataag cctgctggtt 5460
cagaacacat cctggatgct gcectgctgcectg cttteccectet cectecteca agecctggac 5520
ttcatttcte tgtgatctag aagccataac ttcgtatagt acacattata cgaagttatg 5580
tttatgcata cctggaggaa aaaaaaaagg ggagagtcag gggtttaaac gcattagtct 5640
tccaattgaa aaaagtgatt taatttatac cattttaatt cagctttgta aaaatgtatc 5700
aaagagatag caaggtattc agttttagta aacaagataa ttgctcctaa agtagcccct 5760
tgaattccga ggcagtaggc aggctcccge tgaattggaa tcectacatct gtggcettcac 5820
taggattcca attcacggga gctcgctcac tgtcaacagce aatatacctt ctcgagectt 5880
ctgttgggtt aacctgaaga agtaatccca gcaagtgttt ccaagatgtg caggcaacga 5940
ttctgtaaag tactgaagcc tcattcaaac atagtatatg tgctgccgaa gcgagcactt 6000
aacaaggctt gcggccgecce actcacctge aattgggecg ctacttgtac agctcegtceca 6060
tgccgagagt gatcccggeg geggtcacga actccagcag gaccatgtga tcegegcettet 6120
cgttggggtce tttgctcagg gceggactggg tgctcaggta gtggttgtceg ggcagcagca 6180
cggggcecegte gecgatgggg gtgttcetget ggtagtggte ggcgagctge acgctgcegt 6240
cctcgatgtt gtggcggatce ttgaagttca ccttgatgecce gttcttctge ttgtceggeca 6300
tgatatagac gttgtggctg ttgtagttgt actccagett gtgccccagg atgttgcegt 6360
ccteccttgaa gtcgatgecce ttcagctcga tgcggttcac cagggtgteg cectcgaact 6420
tcacctegge gegggtcecttyg tagttgecgt cgtecttgaa gaagatggtg cgctectgga 6480
cgtagectte gggcatggeg gacttgaaga agtcegtgetg cttcatgtgg teggggtagce 6540
ggctgaagca ctgcacgcecg taggtcaggg tggtcacgag ggtgggecag ggcacgggea 6600
gcttgeceggt ggtgcagatg aacttcaggg tcagcttgec gtaggtggca tcgecctege 6660
cctegecgga cacgctgaac ttgtggecgt ttacgtegece gtccagcecteg accaggatgg 6720
gcaccaccee ggtgaacage tcctecgecct tgctcaccat ggtggcgacce ggtataactt 6780
cgtataaggt atcctatacg aagttatcca ttcaggctgt gctagcatca atggcatggce 6840
acaaagctta gccataactt cgtataatgt gtactatacg aagttatccc tgtttaaggg 6900
ttcecggttee actaggtaca attcgatatc aagcttatcg ataatcaacc tcectggattac 6960

aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac gctatgtgga 7020
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tacgctgett taatgccttt gtatcatgct attgcttecce gtatggcttt cattttectcece 7080
tcettgtata aatcctggtt getgtcetcett tatgaggagt tgtggcccgt tgtcaggcaa 7140
cgtggegtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg cattgccacce 7200
acctgtcage tectttcecegg gacttteget tteccectece ctattgceccac ggcggaacte 7260
atcgeccgect gecttgceeeg ctgctggaca ggggctegge tgttgggcac tgacaattcece 7320
gtggtgttgt cggggaaatc atcgtccttt ccttggctge tegectgtgt tgccacctgg 7380
attctgegeg ggacgtcecett ctgctacgte cctteggece tcaatccage ggaccttect 7440
tceecgeggece tgctgeccgge tetgeggect cttecgegte ttegectteg cectcagacg 7500
agtcggatct ccctttggge gectcecccge atcgataccg tcgacctcecga tcegagaccta 7560
gaaaaacatg gagcaatcac aagtagcaat acagcagcta ccaatgctga ttgtgcctgg 7620
ctagaagcac aagaggagga ggaggtgggt tttccagtca cacctcaggt accaagcatg 7680
gggtaaagtc tgttctcatc acatcatatc aaggttatat accatcaata ttgccacaga 7740
tgttacttag ccttttaata tttctctaat ttagtgtata tgcaatgata gttctctgat 7800
ttctgagatt gagtttctca tgtgtaatga ttatttagag tttctcecttte atctgttcaa 7860
atttttgtct agttttattt tttactgatt tgtaagactt ctttttataa tctgcatatt 7920
acaattctct ttactggggt gttgcaaata ttttctgtca ttctatggecce tgacttttet 7980
taatggtttt ttaattttaa aaataagtct taatattcat gcaatctaat taacaatctt 8040
ttetttgtgg ttaggacttt gagtcataag aaatttttct ctacactgaa gtcatgatgg 8100
catgcttcta tattattttc taaaagattt aaagttttgc cttctccatt tagacttata 8160
attcactgga atttttttgt gtgtatggta tgacatatgg gttccctttt attttttaca 8220
tataaatata tttccctgtt tttctaaaaa agaaaaagat catcattttc ccattgtaaa 8280
atgccatatt tttttcatag gtcacttaca tatatcaatg ggtctgtttce tgagctctac 8340
tctattttat cagcctcact gtctatccce acacatctca tgctttgcte taaatcttga 8400
tatttagtgg aacattcttt cccattttgt tctacaagaa tatttttgtt attgtctttt 8460
gggcttctat atacatttta gaatgaggtt ggcaaggtac ctttaagacc aatgacttac 8520
aaggcagctg tagatcttag ccacttttta aaagaaaagg ggggactgga agggctaatt 8580
cactcccage tgctttttge ctgtactggg tctetcectggt tagaccagat ctgagcectgg 8640
gagctctetyg gctaactagg gaacccactg cttaagcctce ataaagctcg actgtgectt 8700
ctagttgcca geccatctgtt gtttgcccct ccececcgtgee ttecttgace ctggaaggtg 8760
ccactcceccac tgtcctttec taataaaatg aggaaattgce atcgcattgt ctgagtaggt 8820
gtcattctat tectggggggt ggggtgyggggce aggacagcaa gggggaggat tgggaagaca 8880
atagcaggca tgctggggat gcggtccgga ctgtactggg tcectctetggt tagaccagat 8940
ctgagcctgg gagctctetyg gctaactagg gaacccactg cttaagcecctce aataaagcett 9000
gccttgagtyg cttcaagtag tgtgtgeceg tectgttgtgt gactctggta actagagatce 9060
cctcagacce ttttagtcag tgtggaaaat ctctagcagce atgtgagcaa aaggccagca 9120
aaaggccagg aaccgtaaaa aggccgegtt gctggegttt ttccatagge tecgecccece 9180
tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata 9240
aagataccag gcgtttcecee ctggaagcte cctegtgege tectcectgtte cgaccctgece 9300

gcttaccgga tacctgtceccg cctttetece ttcecgggaage gtggegettt ctcecatagetce 9360
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acgctgtagg tatctcagtt cggtgtaggt cgttcgetcce aagctggget gtgtgcacga 9420
accceceegtt cagcccgacce getgcegectt atccggtaac tatcgtcttg agtccaacce 9480
ggtaagacac gacttatcge cactggcagce agccactggt aacaggatta gcagagcgag 9540
gtatgtaggc ggtgctacag agttcttgaa gtggtggcct aactacggct acactagaag 9600
aacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa gagttggtag 9660
ctcttgatcce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt gcaagcagca 9720
gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttcecta cggggtcectga 9780
cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat 9840
cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga 9900
gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg 9960
tctatttegt tcatccatag ttgcctgact cccegtegtg tagataacta cgatacggga 10020
gggcttacca tctggcccca gtgctgcaat gataccgcga gacccacgct caccggctee 10080
agatttatca gcaataaacc agccagccgg aagggccgag cgcagaagtg gtcctgcaac 10140
tttatcecgee teccatccagt ctattaattg ttgccgggaa gctagagtaa gtagttegee 10200
agttaatagt ttgcgcaacg ttgttgccat tgctacaggce atcgtggtgt cacgctcegte 10260
gtttggtatg gcttcattca gcteccggttce ccaacgatca aggcgagtta catgatccce 10320
catgttgtgc aaaaaagcgg ttagctcecctt cggtcctecg atcgttgtca gaagtaagtt 10380
ggccgcagtyg ttatcactca tggttatggce agcactgcat aattctctta ctgtcatgecce 10440
atccgtaaga tgcttttetg tgactggtga gtactcaacc aagtcattct gagaatagtg 10500
tatgcggcga ccgagttget cttgcccgge gtcaatacgg gataataccg cgccacatag 10560
cagaacttta aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat 10620
cttaccgetg ttgagatcca gttcgatgta acccactegt gcacccaact gatcttcage 10680
atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa atgccgcaaa 10740
aaagggaata agggcgacac ggaaatgttg aatactcata ctcttccttt ttcaatatta 10800
ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa 10860
aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg ac 10912
<210> SEQ ID NO 8
<211> LENGTH: 10915
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLB2 comprising the FLIP cassette with the
miR30 targeting 4 integrin

<400> SEQUENCE: 8

gtegacggat cgggagatct cccgatccce tatggtgcac tctcagtaca atctgctcetg 60
atgccgcata gttaagcecag tatctgetcece ctgettgtgt gttggaggte getgagtagt 120
gcgegagcaa aatttaagct acaacaaggc aaggcttgac cgacaattgc atgaagaatc 180
tgcttagggt taggegtttt gegetgette gegatgtacyg ggcecagatat acgegttgac 240
attgattatt gactagtcat gttctttcct gcgttatccce ctgattctgt ggataaccgt 300
attaccgect ttgagtgage tgataccget cgecgcagece gaacgaccga gcgcagcegag 360
tcagtgageg aggaagcgga agagcgecca atacgcaaac cgectctece cgegegttgg 420

ccgattcatt aatgcagetg geacgacagg ttteccgact ggaaageggg cagtgagege 480
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aacgcaatta atgtgagtta gctcactcat taggcacccce aggctttaca ctttatgett 540
ceggetegta tgttgtgtgg aattgtgage ggataacaat ttcacacagyg aaacagctat 600
gaccatgatt acgccaagcg cgcaattaac cctagecttaa tgtagtctta tgcaatactce 660
ttgtagtctt gcaacatggt aacgatgagt tagcaacatg ccttacaagyg agagaaaaag 720
caccgtgcat gccgattggt ggaagtaagg tggtacgatce gtgecttatt aggaaggcaa 780
cagacgggte tgacatggat tggacgaacc actgaattge cgcattgcag agatattgta 840
tttaagtgce tagctcgata caataaacgg gtetcetetgg ttagaccaga tctgagectg 900
ggagctcetet ggctaactag ggaacccact gettaagect caataaaget tgecttgagt 960
gcttcaagta gtgtgtgcce gtetgttgtg tgactctggt aactagagat ccctcagacce 1020
cttttagtca gtgtggaaaa tctctagcag tggcgcccga acagggactt gaaagcgaaa 1080
gggaaaccag aggagctcte tcgacgcagg actceggettg ctgaagegeg cacggcaaga 1140
ggcgagggge ggcgactggt gagtacgcca aaaattttga ctagcggagg ctagaaggag 1200
agagatgggt gcgagagcgt cagtattaag cgggggagaa ttagatcgcg atgggaaaaa 1260
attcggttaa ggccaggggyg aaagaaaaaa tataaattaa aacatatagt atgggcaagc 1320
agggagctag aacgattcgc agttaatcct ggcctgttag aaacatcaga aggctgtaga 1380
caaatactgg gacagctaca accatccctt cagacaggat cagaagaact tagatcatta 1440
tataatacag tagcaaccct ctattgtgtg catcaaagga tagagataaa agacaccaag 1500
gaagctttag acaagataga ggaagagcaa aacaaaagta agaccaccgc acagcaagceg 1560
gcecggecgeg ctgatcttca gacctggagg aggagatatg agggacaatt ggagaagtga 1620
attatataaa tataaagtag taaaaattga accattagga gtagcaccca ccaaggcaaa 1680
gagaagagtg gtgcagagag aaaaaagagc agtgggaata ggagctttgt tccttgggtt 1740
cttgggagca gcaggaagca ctatgggege agegtcaatyg acgctgacgyg tacaggccag 1800
acaattattg tctggtatag tgcagcagca gaacaatttg ctgagggcta ttgaggcgca 1860
acagcatctg ttgcaactca cagtctgggg catcaagcag ctccaggcaa gaatcctggce 1920
tgtggaaaga tacctaaagg atcaacagct cctggggatt tggggttgct ctggaaaact 1980
catttgcacc actgctgtge cttggaatgce tagttggagt aataaatctc tggaacagat 2040
ttggaatcac acgacctgga tggagtggga cagagaaatt aacaattaca caagcttaat 2100
acactcctta attgaagaat cgcaaaacca gcaagaaaag aatgaacaag aattattgga 2160
attagataaa tgggcaagtt tgtggaattg gtttaacata acaaattggc tgtggtatat 2220
aaaattattc ataatgatag taggaggctt ggtaggttta agaatagttt ttgctgtact 2280
ttctatagtg aatagagtta ggcagggata ttcaccatta tcgtttcaga cccacctcce 2340
aacceccgagg ggacccgaca ggcccgaagg aatagaagaa gaaggtggag agagagacag 2400
agacagatcc attcgattag tgaacggatc ggcactgcegt gcgccaattce tgcagacaaa 2460
tggcagtatt catccacaat tttaaaagaa aaggggggat tggggggtac agtgcagggg 2520
aaagaatagt agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta 2580
caaaaattca aaattttcgg gtttattaca gggacagcag agatccagtt tggttagtac 2640
cgggcceeggt getttgctet gagccagcece accagtttgg aatgactcect ttttatgact 2700
tgaattttca agtataaagt ctagtgctaa atttaatttg aacaactgta tagtttttgc 2760
tggttggggg aaggaaaaaa aatggtggca gtgttttttt cagaattaga agtgaaatga 2820
aaacttgttg tgtgtgagga tttctaatga catgtggtgg ttgcatactg agtgaagccg 2880



123

US 9,043,994 B2

124

-continued
gtgagcattc tgccatgtca cccecctegtg ctcagtaatg tactttacag aaatcctaaa 2940
ctcaaaagat tgatataaac catgcttctt gtgtatatcc ggtctcttet ctgggtagtce 3000
tcactcagcce tgcatttetg ccagggcccg ctctagatcect agacggttga tcetggcectcece 3060
gegecegggtt ttggegecte ccegegggege ccccectecte acggcgageg ctgecacgte 3120
agacgaaggg cgcaggagcg ttcctgatce ttecgcecegyg acgctcagga cagceggeccyg 3180
ctgctcataa gactcggcect tagaacccca gtatcagcag aaggacattt taggacggga 3240
cttgggtgac tctagggcac tggttttctt tccagagagce ggaacaggcg aggaaaagta 3300
gtcececttete ggcgattcectg cggagggatce tccgtgggge ggtgaacgcece gatgattata 3360
taaggacgcg ccgggtgtgg cacagctagt tcegtcgcag ccgggatttg ggtecgeggtt 3420
cttgtttgtg gatcgctgtyg atcgtcactt ggtgagttgce gggctgctgg getggcecggg 3480
getttegtgyg cegecgggee geteggtggg acggaagegt gtggagagac cgcecaaggge 3540
tgtagtcetgg gtccgcgage aaggttgcce tgaactgggg gttgggggga gcegcacaaaa 3600
tggcggcetgt tcccgagtet tgaatggaag acgcttgtaa ggcgggctgt gaggtcegttg 3660
aaacaaggtg gggggcatgg tgggcggcaa gaacccaagg tcttgaggcce ttcecgctaatg 3720
cgggaaagct cttattcggg tgagatgggce tggggcacca tctggggacce ctgacgtgaa 3780
gtttgtcact gactggagaa ctcgggtttg tcgtectggtt gegggggcegg cagttatgeg 3840
gtgcegttgg gcagtgcace cgtacctttg ggagcgcgeg cctegtegtg tcecgtgacgte 3900
acccgttetg ttggcttata atgcagggtg gggccacctg ccggtaggtg tgcggtaggce 3960
ttttctecgt cgcaggacgce agggtteggg cctagggtag gectctectga atcgacaggce 4020
gccggaccete tggtgagggg agggataagt gaggcgtcag tttetttggt cggttttatg 4080
tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgectcgg ggttggcgag 4140
tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa 4200
ttttcagtgt tagactagta aattgtccgce taaattctgg ccgtttttgg cttttttgtt 4260
agacgaagta cgcgctagcec gttaataagce ctcgatgegg atccataact tcegtatagga 4320
taccttatac gaagttatct caggtaccgc caccatgacc gagtacaagc ccacggtgcg 4380
cctegecace cgcgacgacg tccccaggge cgtacgcace ctegecgeceyg cgttegecga 4440
ctacceccgee acgcegecaca ccgtcgatcee ggaccgcecac atcgageggyg tcaccgaget 4500
gcaagaactc ttectcacge gcgteggget cgacatcggce aaggtgtggg tcgcggacga 4560
cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg cggtgttege 4620
cgagatcgge ccgegeatgg ccgagttgag cggttecegyg ctggecgege agcaacagat 4680
ggaaggccte ctggegcecge accggeccaa ggagceccgeg tggttectgg ccaccgtegyg 4740
cgtetegece gaccaccagg gcaagggtcet gggcagegece gtegtgetece ccggagtgga 4800
ggcggecgayg cgegecegggg tgcecgectt cctggagacce tecgegecce gcaacctece 4860
cttctacgag cggctegget tcaccgtcac cgecgacgte gaggtgccceyg aaggaccgceg 4920
cacctggtge atgacccgca agcccggtge cctgtacaag aaacagaaaa ttgtggcace 4980
agtgaaacag actttgaatt ttgaccttct caagttggcg ggagacgtcg agtccaaccce 5040
tgggcccatg aacccagcca tcagegtcecge tctectgete tcagtecttge aggtgteccg 5100
agggcagaag gtgaccagcc tgacagectg cctggtgaac caaaacctte gcctggactg 5160
ccgecatgag aataacacca aggataactce catccagecat gagttcagece tgacccgaga 5220
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gaagaggaag cacgtgctct caggcaccct cgggatacce gagcacacgt accgctccecg 5280
cgtcacccte tccaaccage cctatatcaa ggteccttacce ctagccaact tcaccaccaa 5340
ggatgagggc gactactttt gtgagcttcg agtctcgggce gcgaatccca tgagctcecaa 5400
taaaagtatc agtgtgtata gagacaaact ggtcaagtgt ggcggcataa gcctgctggt 5460
tcagaacaca tcctggatgce tgctgctgct gctttceecte tecctectee aagccectgga 5520
cttcatttct ctgtgatcta gaagccataa cttcecgtatag tacacattat acgaagttat 5580
gtttatgcat acctggagga aaaaaaaaag gggagagtca ggggtttaaa cgcattagtc 5640
ttccaattga aaaaagtgat ttaatttata ccattttaat tcagctttgt aaaaatgtat 5700
caaagagata gcaaggtatt cagttttagt aaacaagata attgctccta aagtagcccce 5760
ttgaatccga ggcagtaggc atgggcatca tgtgatcacc aaatacatct gtggcttcac 5820
tatttggtga tcacatgatg cccgcgctca ctgtcaacag caatatacct tcectcgagect 5880
tctgttgggt taacctgaag aagtaatccce agcaagtgtt tccaagatgt gcaggcaacg 5940
attctgtaaa gtactgaagc ctcattcaaa catagtatat gtgctgccga agcgagcact 6000
taacaaggct tgcggccgec cactcacctg caattgggcce gcectacttgta cagctcegtcece 6060
atgccgagag tgatcccgge ggcggtcacg aactccagca ggaccatgtg atcgegette 6120
tcgttggggt ctttgctcag ggcggactgg gtgctcaggt agtggttgte gggcagcagce 6180
acggggcecgt cgccgatggg ggtgttetge tggtagtggt cggcgagctg cacgcetgecg 6240
tcetegatgt tgtggcggat cttgaagttce accttgatge cgttecttcetg cttgteggece 6300
atgatataga cgttgtggct gttgtagttg tactccaget tgtgccccag gatgttgecg 6360
tcetecttga agtcgatgece cttcagetceg atgeggttca ccagggtgte gecctcgaac 6420
ttcacctegg cgcgggtett gtagttgceccg tcecgtecttga agaagatggt gegcectcectgg 6480
acgtagcctt cgggcatggce ggacttgaag aagtcgtget gettcatgtg gteggggtag 6540
cggctgaage actgcacgcece gtaggtcagg gtggtcacga gggtgggeca gggcacggge 6600
agcttgecgg tggtgcagat gaacttcagg gtcagcttge cgtaggtggce atcgecctceg 6660
ccetegecgg acacgctgaa cttgtggecg tttacgtege cgtcecagcte gaccaggatg 6720
ggcaccacce cggtgaacag ctecctcecgecce ttgctcacca tggtggcgac cggtataact 6780
tcgtataagg tatcctatac gaagttatce attcaggcetg tgctagcatc aatggcatgg 6840
cacaaagctt agccataact tcgtataatg tgtactatac gaagttatcc ctgtttaagg 6900
gttceggtte cactaggtac aattcgatat caagcttatc gataatcaac ctctggatta 6960
caaaatttgt gaaagattga ctggtattct taactatgtt gctcctttta cgctatgtgg 7020
atacgctgcet ttaatgcctt tgtatcatge tattgcttecce cgtatggctt tcecattttcete 7080
ctccttgtat aaatcctggt tgctgtectcet ttatgaggag ttgtggcceg ttgtcaggca 7140
acgtggcegtg gtgtgcactg tgtttgctga cgcaaccccce actggttggg gcattgccac 7200
cacctgtcag ctecttteeg ggactttcecge ttteccecte cctattgcecca cggcggaact 7260
catcgeegece tgcecttgece getgctggac aggggctegg ctgttgggca ctgacaattce 7320
cgtggtgttg tcggggaaat catcgtectt tceecttggetg ctcegectgtg ttgccacctg 7380
gattctgege gggacgtcect tctgctacgt cecctteggec ctcaatccag cggaccttece 7440
tteccegegge ctgctgcecegg ctetgeggee tcettecgegt cttegectte gecctcagac 7500
gagtcggatce tcececectttggg ccgectecce gecatcgatac cgtcgacctce gatcgagacce 7560
tagaaaaaca tggagcaatc acaagtagca atacagcagc taccaatgct gattgtgect 7620
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ggctagaage acaagaggag gaggaggtgg gttttecagt cacacctcag gtaccaagca 7680
tggggtaaag tactgttctc atcacatcat atcaaggtta tataccatca atattgccac 7740
agatgttact tagcctttta atatttctct aatttagtgt atatgcaatg atagttctct 7800
gatttctgag attgagtttc tcatgtgtaa tgattattta gagtttctct ttcatctgtt 7860
caaatttttg tctagtttta ttttttactg atttgtaaga cttcttttta taatctgcat 7920
attacaattc tctttactgg ggtgttgcaa atattttcetg tcattctatg gectgacttt 7980
tcttaatggt tttttaattt taaaaataag tcttaatatt catgcaatct aattaacaat 8040
cttttetttg tggttaggac tttgagtcat aagaaatttt tctctacact gaagtcatga 8100
tggcatgctt ctatattatt ttctaaaaga tttaaagttt tgccttctece atttagactt 8160
ataattcact ggaatttttt tgtgtgtatg gtatgacata tgggttccct tttatttttt 8220
acatataaat atatttccct gtttttctaa aaaagaaaaa gatcatcatt ttcccattgt 8280
aaaatgccat atttttttca taggtcactt acatatatca atgggtctgt ttctgagcectce 8340
tactctattt tatcagcctc actgtctatc cccacacatc tcatgctttg ctctaaatct 8400
tgatatttag tggaacattc tttcccattt tgttctacaa gaatattttt gttattgtct 8460
tttgggcttc tatatacatt ttagaatgag gttggcaagg tacctttaag accaatgact 8520
tacaaggcag ctgtagatct tagccacttt ttaaaagaaa aggggggact ggaagggcta 8580
attcactccce agctgcetttt tgecctgtact gggtctetet ggttagacca gatctgagcece 8640
tgggagctct ctggctaact agggaaccca ctgcttaagce ctcataaagce tcgactgtgce 8700
cttctagttg ccagccatcect gttgtttgce cctecceegt gecttecttg accctggaag 8760
gtgccactece cactgtcecctt tcctaataaa atgaggaaat tgcatcgcat tgtctgagta 8820
ggtgtcatte tattctgggg ggtggggtgg ggcaggacag caagggggag gattgggaag 8880
acaatagcag gcatgctggg gatgcggtce ggactgtact gggtctctet ggttagacca 8940
gatctgagec tgggagctct ctggctaact agggaaccca ctgcttaagce ctcaataaag 9000
cttgccttga gtgcttcaag tagtgtgtge ccgtcectgttg tgtgactctg gtaactagag 9060
atccctcecaga cecttttagt cagtgtggaa aatctctage agcatgtgag caaaaggcca 9120
gcaaaaggcc aggaaccgta aaaaggccgce gttgectggeg tttttcecata ggctceccgecce 9180
ccctgacgag catcacaaaa atcgacgetce aagtcagagyg tggcgaaacce cgacaggact 9240
ataaagatac caggcgtttc cccctggaag ctecectegtg cgctcectectg ttecgaccect 9300
gccgettace ggatacctgt ccgectttet cecctteggga agegtggegce tttetcatag 9360
ctcacgcetgt aggtatctca gttcggtgta ggtegttege tccaagctgg getgtgtgcea 9420
cgaaccceccce gttcagceceg accgcetgcege cttatceggt aactatcgte ttgagtcecaa 9480
cceggtaaga cacgacttat cgccactgge agcagccact ggtaacagga ttagcagage 9540
gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag 9600
aagaacagta tttggtatct gecgctctgct gaagccagtt accttcggaa aaagagttgg 9660
tagctcttga tccggcaaac aaaccaccgce tggtageggt ggtttttttg tttgcaagca 9720
gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtce 9780
tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag 9840
gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata 9900

tgagtaaact tggtctgaca gttaccaatg cttaatcagt gaggcaccta tctcagcgat 9960
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ctgtctattt cgttcateca tagttgectg
ggagggctta ccatctggec ccagtgctge
tccagattta tcagcaataa accagccagce
aactttatce gectecatce agtctattaa
gccagttaat agtttgcegca acgttgttge
gtegtttggt atggettcat tcagctcegyg
cceccatgttyg tgcaaaaaag cggttagete
gttggcegea gtgttatcac tcatggttat
gecatcegta agatgetttt ctgtgactgg
gtgtatgegg cgaccgagtt getcettgece
tagcagaact ttaaaagtge tcatcattgg
gatcttaccg ctgttgagat ccagttcgat
agcatctttt actttcacca gegtttetgg
aaaaaaggga ataagggcga cacggaaatg
ttattgaagc atttatcagg gttattgtet
gaaaaataaa caaatagggg ttccgegcac
<210> SEQ ID NO 9

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Reverse
<400> SEQUENCE: 9

ccaggattta tacaaggagg agaaaatgaa
<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Forward
<400> SEQUENCE: 10

ctgagcaaag accccaacga gaage
<210> SEQ ID NO 11

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: loxP WT

<400> SEQUENCE: 11

ataacttcgt atagcataca ttatacgaag

<210> SEQ ID NO 12
<211> LENGTH: 9
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 12

gacgtaagt

ras splice donor

actccecegte
aatgataccg
cggaagggec
ttgttgcegy
cattgctaca
ttcccaacga
ctteggtect
ggcagcactyg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga

atttcccega

primer

age

primer

ttat

gtgtagataa ctacgatacg

cgagacccac gctcaccgge

gagegecagaa gtggtcectge

gaagctagag taagtagttce

ggcategtgg tgtcacgete

tcaaggcgag ttacatgatc

ccgategttyg tcagaagtaa

cataattcte ttactgtcat

accaagtcat tctgagaata

cgggataata ccgcgecaca

tcggggcgaa aactctcaag

cgtgcaccca actgatctte

acaggaaggc aaaatgccge

atactcttce tttttcaata

tacatatttg aatgtattta

aaagtgccac ctgac

sequence

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10915

33

25

34
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<210> SEQ ID NO 13

<211> LENGTH: 8

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 5' splice donor site

<400> SEQUENCE: 13

agguaagu

<210> SEQ ID NO 14

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 3' splice acceptor site

<400> SEQUENCE: 14

cagg

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: p53 sense probe

<400> SEQUENCE: 15

ccactacaag tacatgtgta

<210> SEQ ID NO 16

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: p53 anti-sense probe

<400> SEQUENCE: 16

tacacatgta cttgtagtgg

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PTEN sense probe

<400> SEQUENCE: 17

ggtgaaacta tactttacaa

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PTEN anti-sense probe

<400> SEQUENCE: 18

ttgtaaagta tagtttcacc

<210> SEQ ID NO 19

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

20

20

20

20
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<223> OTHER INFORMATION: Mir-18la probe

<400> SEQUENCE: 19

actcaccgac agcgttgaat gtt

<210> SEQ ID NO 20
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Mir-15b probe

<400> SEQUENCE: 20

tgtaaaccat gatgtgctge t

<210> SEQ ID NO 21
<211> LENGTH: 8503

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: MSCV FLIPi Puro2AThyl.l/human c¢-Myc-miR-p53

vector

<400> SEQUENCE: 21

tgaaagaccc

ggaaaataca

gaatatgggce

acagatggtc

ccagggtgec

cgcttetege

ccteactegy

aaagcctett

agattgattg

accectgect

gtgtctgtet

tactagttag

acacceggec

acctgaggaa

gacgagaacc

agccgegegt

gtgtttetgt

ttaggtcact

agacgttggg

gacggcacct

ccgecatggac

cceectecect

gececegtete

geccteacte

acgaagttat

cacctgtagyg

taactgagaa

caaacaggat

cccagatgeg

ccaaggacct

ttetgttege

cgegecagte

getgtttgea

actgcccace

agggaccacc

ctgtetttgt

ctaactagct

gcaaccctygyg

gggagtcgat

taaaacagtt

cttgtetget

atttgtctga

ggaaagatgt

ttaccttetyg

ttaaccgaga

acccagacca

gggtcaagce

tccececttga

cttetetagyg

ctcaggtacc

tttggcaage

tagagaagtt

atctgtggta

gtcecgeect

gaaaatgacc

gegettetge

ctcecgataga

tccgaategt

thggggtCt

gaccceececyg

gegtgtttgt

ctgtatctygg

gagacgtcce

gtggaatccyg

cecegecteeyg

gcagcegetge

aaattagggc

cgagcggatce

ctctgcagaa

cctcatcacce

ggtccectac

ctttgtacac

acctectegt

cgceggaatt

gccaccatga

tagcttaagt

cagatcaagg

agcagttect

cagcagttte

ctgtgectta

tccecgaget

ctgegtegee

ggactcgety

ttcatttgga

ccgggaggta

geeggeatet

cggaccegty

agggactttg

accccgteag

tctgaatttt

agcatcgtte

cagactgtta

gctcacaace

tggccaacct

caggttaaga

atcgtgacct

cctaagecte

tcgacccege

agatccataa

ccgagtacaa

aacgccattt

ttaggaacag

geceeggete

tagagaacca

tttgaactaa

caataaaaga

cgggtacccey

atccttggga

ggttccacceg

agctggecag

aatgtttgeg

gtggaactga

ggggccgttt

gatatgtggt

tgcttteggt

tgtgttgtet

ccactcectt

agtcggtaga

ttaacgtcgyg

tcaaggtett

gggaagccett

cgectectet

ctcgatecte

cttegtatag

geccacggtyg

tgcaaggcat

agagacagca

agggccaaga

tcagatgttt

ccaatcagtt

gcccacaacc

tattcccaat

gggtctecte

agatttggag

cggtegttte

cctgegtety

cgagttctga

ttgtggceey

tctggtagga

ttggaaccga

ctgtctgact

aagtttgacc

tgtcaagaag

atggccgega

ttcacctgge

ggcttttgac

tcctecatcece

cctttatcca

gataccttat

cgectegeca

23

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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ccegegacga cgtcecccagg gecgtacgea cectegecge cgegttegece gactaccccg 1560
ccacgegeca caccgtegat ccggaccgece acatcgageg ggtcaccgag ctgcaagaac 1620
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gcecctgtaca agaaacagaa aattgtggca ccagtgaaac 2100
agactttgaa ttttgacctt ctcaagttgg cgggagacgt cgagtccaac cctgggccca 2160
tgaacccagce catcagcgtce getctectge tctcagtett gecaggtgtee cgagggcaga 2220
aggtgaccag cctgacagcc tgcctggtga accaaaacct tcgcectggac tgccgccatg 2280
agaataacac caaggataac tccatccage atgagttcag cctgacccga gagaagagga 2340
agcacgtgcet ctcaggcacc ctcgggatac cecgagcacac gtaccgctece cgcegtcacce 2400
tctccaacca gecctatate aaggtcectta ccctagecaa cttcaccacce aaggatgagg 2460
gcgactactt ttgtgagctt cgagtctegg gcgcgaatcce catgagctcce aataaaagta 2520
tcagtgtgta tagagacaaa ctggtcaagt gtggcggcat aagcctgctg gttcagaaca 2580
catcctggat getgectgetg ctgcetttcece tcetecctect ccaagecctg gacttcattt 2640
ctctgtgatc tagaagccat aacttcgtat agtacacatt atacgaagtt atgtttatgc 2700
atacctggag gaaaaaaaaa aggggagagt caggggttta aacgcattag tcttccaatt 2760
gaaaaaagtyg atttaattta taccatttta attcagcttt gtaaaaatgt atcaaagaga 2820
tagcaaggta ttcagtttta gtaaacaaga taattgctcc taaagtagcc ccttgaattce 2880
cgaggcagta ggcatccact acaagtacat gtgtaataca tctgtggctt cactattaca 2940
catgtacttg tagtgggcgc tcactgtcaa cagcaatata ccttctcgag ccttetgttg 3000
ggttaacctyg aagaagtaat cccagcaagt gtttccaaga tgtgcaggca acgattctgt 3060
aaagtactga agcctcattc aaacatagta tatgtgctgc cgaagcgagce acttaacaag 3120
gcttgeggee gceccactcac ctgcaattgt cacgcacaag agttccgtag ctgttcaagt 3180
ttgtgtttca actgttcteg tegttteccge aacaagtect cttcagaaat gagettttgce 3240
tcetetgett ggacggacag gatgtatgct gtggecttttt taaggataac taccttgggg 3300
gcctttteat tgttttccaa ctecgggatce tggtcacgca gggcaaaaaa gcteccgtttt 3360
agctcgttee tectetggeg cteccaagacg ttgtgtgtte gectcecttgac attctecteg 3420
gtgtccgagg acctggggct ggtgcatttt cggttgttge tgatctgtct caggactcetg 3480
acactgtcca acttgaccct cttggcagca ggatagtect tccgagtgga gggaggcgct 3540
gcgtagttgt getgatgtgt ggagacgtgg cacctcecttga ggaccagtgg gctgtgagga 3600
ggtttgctgt ggcctceccage agaaggtgat ccagactctg accttttgcec aggagcectge 3660
ctcttttecca cagaaacaac atcgatttct tcctcatcett cttgttcecte ctcagagtceg 3720
ctgctggtgg tgggcggtgt ctectcatgg agcaccaggg gctcegggget gecctgeggg 3780
gaggactceyg tcgaggagag cagagaatcce gaggacggag agaaggcgcet ggagtcttge 3840
gaggcgcagyg acttgggcga gctgetgteg ttgagagggt aggggaagac caccgagggyg 3900
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tcgatgcact ctgaggcggce ggcgctcaga tcctgcaggt acaagctgga ggtggagcag 3960
acgctgtgge cgcgggcggg gttegggcetg ccgetgtett tgcgegcage ctggtaggag 4020
gccagcttet ctgagacgag cttggcggeg gccgagaagce cgctccacat acagtccetgg 4080
atgatgatgt ttttgatgaa ggtctcgtcg tcecgggtege agatgaaact ctggttcacce 4140
atgtctecte ccagcagcte ggtcaccatce tccagctggt cggccgtgga gaagctcececg 4200
ccaccgecegt cgttgtetcee ccgaagggag aagggtgtga ccegcaacgta ggagggcgag 4260
cagagcccegg agcggeggcet aggggacagg ggcggggtygyg gcagcagetce gaatttette 4320
cagatatcct cgctgggege cgggggctge agctcecgetet getgectgcectg ctggtagaag 4380
ttctectect cgtcecgcagta gaaatacggce tgcaccgagt cgtagtcgag gtcatagttce 4440
ctgttggtga agctaacgtt gaggggtcta gacatcagca tcaggctggce atagtcaggce 4500
acgtcataag gatagctcat cagcatcagg ctggcatagt caggcacgtc ataaggatag 4560
ctcatcagca tcaggctggce atagtcaggc acgtcataag gatagctatc catggtggceg 4620
accggtataa cttcgtataa ggtatcctat acgaagttat ccattcagge tgtgctagca 4680
tcaatggcat ggcacaaagc ttagccataa cttcgtataa tgtgtactat acgaagttat 4740
ccegggttaa acgacctgca gccaagctta tcgataaaat aaaagatttt atttagtcectce 4800
cagaaaaagg ggggaatgaa agaccccacc tgtaggtttg gcaagctagce ttaagtaacg 4860
ccattttgca aggcatggaa aatacataac tgagaataga gaagttcaga tcaaggttag 4920
gaacagagag acagcagaat atgggccaaa caggatatct gtggtaagca gttcecctgcecce 4980
cggctcaggg ccaagaacag atggtcccca gatgcggtcecce cgccctcage agtttctaga 5040
gaaccatcag atgtttccag ggtgccccaa ggacctgaaa atgaccctgt gcecttatttg 5100
aactaaccaa tcagttcgcect tectecgettcet gttegegege ttcectgctceece cgagctcaat 5160
aaaagagcce acaacccecte actcggegeg cecagtcectece gatagactge gtcegeccggg 5220
tacccgtgta tccaataaac cctcecttgcag ttgcatccga cttgtggtet cgetgttect 5280
tgggagggtc tcctcectgagt gattgactac ccgtcagegg gggtctttca tgggtaacag 5340
tttcttgaag ttggagaaca acattctgag ggtaggagtc gaatattaag taatcctgac 5400
tcaattagcce actgttttga atccacatac tccaatactc ctgaaatagt tcattatgga 5460
cagcgcagaa gagctgggga gaattaattc gtaatcatgg tcatagctgt ttecctgtgtg 5520
aaattgttat ccgctcacaa ttccacacaa catacgagcc ggaagcataa agtgtaaagc 5580
ctggggtgcce taatgagtga gctaactcac attaattgeg ttgcgctcac tgcccgettt 5640
ccagtceggga aacctgtegt gecagetgea ttaatgaatce ggcecaacgeyg cggggagagg 5700
cggtttgegt attgggcget ctteccgette ctegectcact gactcgcectge getecggtegt 5760
tcggctgegg cgageggtat cagctcactce aaaggcggta atacggttat ccacagaatce 5820
aggggataac gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa 5880
aaaggccgeg ttgctggegt ttttceccatag gctecgecce cctgacgage atcacaaaaa 5940
tcgacgctca agtcagaggt ggcgaaaccce gacaggacta taaagatacc aggcgtttcece 6000
ccetggaage tecctegtge getcectectgt tecgaccecetg cecgcttacceg gatacctgte 6060
cgectttete cecttegggaa gegtggegcet ttcectcatage tcacgectgta ggtatctcag 6120
ttecggtgtag gtcecgttceget ccaagetggg ctgtgtgcac gaaccceccceg ttcagceccga 6180
ccgctgegece ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatce 6240
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gccactggca gcagccactg gtaacaggat tagcagagceg aggtatgtag gcggtgctac 6300
agagttcttg aagtggtggc ctaactacgg ctacactaga aggacagtat ttggtatctg 6360
cgctcectgetg aagccagtta ccttcecggaaa aagagttggt agctcecttgat ccggcaaaca 6420
aaccaccgct ggtageggtg gtttttttgt ttgcaagcag cagattacgce gcagaaaaaa 6480
aggatctcaa gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa 6540
ctcacgttaa gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt 6600
aaattaaaaa tgaagtttta aatcaatcta aagtatatat gagtaaactt ggtctgacag 6660
ttaccaatgc ttaatcagtg aggcacctat ctcagcgatc tgtctatttce gttcatccat 6720
agttgcctga ctcceccgteg tgtagataac tacgatacgg gagggcttac catctggecce 6780
cagtgctgca atgataccgc gagacccacg ctcaccggct ccagatttat cagcaataaa 6840
ccagecagee ggaagggccg agcgcagaag tggtcectgea actttatcceg cctecatcca 6900
gtctattaat tgttgccggg aagctagagt aagtagttcg ccagttaata gtttgcgcaa 6960
cgttgttgece attgctacag gcatcgtggt gtcacgceteg tegtttggta tggcettcatt 7020
cagctceeggt tecccaacgat caaggcgagt tacatgatcce cccatgttgt gcaaaaaagc 7080
ggttagctece ttecggteccte cgatcgttgt cagaagtaag ttggccgcag tgttatcact 7140
catggttatg gcagcactgc ataattctct tactgtcatg ccatccgtaa gatgcetttte 7200
tgtgactggt gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg 7260
ctecttgeceg gegtcaatac gggataatac cgcgccacat agcagaactt taaaagtgcet 7320
catcattgga aaacgttctt cggggcgaaa actctcaagg atcttaccge tgttgagatc 7380
cagttcgatg taacccactc gtgcacccaa ctgatcttca gecatctttta ctttcaccag 7440
cgtttetggg tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa taagggcgac 7500
acggaaatgt tgaatactca tactcttcct ttttcaatat tattgaagca tttatcaggg 7560
ttattgtctc atgagcggat acatatttga atgtatttag aaaaataaac aaataggggt 7620
tcegegecaca tttceccccgaa aagtgccacce tgacgtctaa gaaaccatta ttatcatgac 7680
attaacctat aaaaataggc gtatcacgag gccctttegt ctcgegegtt teggtgatga 7740
cggtgaaaac ctctgacaca tgcagctcce ggagacggtc acagcttgte tgtaagcgga 7800
tgccgggage agacaagccce gtcagggege gtcagegggt gttggegggt gtceggggetg 7860
gcttaactat gcggcatcag agcagattgt actgagagtg caccatatgc ggtgtgaaat 7920
accgcacaga tgcgtaagga gaaaataccg catcaggege cattcgccat tcaggetgeg 7980
caactgttgg gaagggcgat cggtgcgggce ctcttcecgeta ttacgccage tggcgaaagg 8040
gggatgtgct gcaaggcgat taagttgggt aacgccaggg ttttcccagt cacgacgttg 8100
taaaacgacg gcgcaaggaa gcagcccagt agtaggttga ggecgttgag caccgecgece 8160
gcaaggaatyg gtgcatgcaa ggagatggcg cccaacagtce ccccggecac ggggectgece 8220
accataccca cgccgaaaca agcgctcatg ageccgaagt ggcgagcecceyg atcttcccca 8280
tcggtgatgt cggcgatata ggcgccagca accgcacctg tggcgeccggt gatgcecggece 8340
acgatgcgtc cggcgtagag gcgattagtce caatttgtta aagacaggat atcagtggtce 8400
caggctctag ttttgactca acaatatcac cagctgaagc ctatagagta cgagccatag 8460
ataaaataaa agattttatt tagtctccag aaaaaggggg gaa 8503

<210> SEQ ID NO 22
<211> LENGTH: 7697
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<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: MSCV FLIP-p53
<400> SEQUENCE: 22
tgaaagacce cacctgtagg tttggcaage tagcttaagt aacgccattt tgcaaggcat 60
ggaaaataca taactgagaa tagagaagtt cagatcaagg ttaggaacag agagacagca 120
gaatatgggce caaacaggat atctgtggta agcagttcct gecccggetce agggccaaga 180
acagatggtce cccagatgcg gtcccgecct cagcagttte tagagaacca tcagatgttt 240
ccagggtgee ccaaggacct gaaaatgacc ctgtgcectta tttgaactaa ccaatcagtt 300
cgettetege ttetgttege gegettetge tecccgaget caataaaaga gcccacaacce 360
cctecactegg cgcgecagte ctccgataga ctgegtegece cgggtacceyg tattcccaat 420
aaagcctett getgtttgca tccgaategt ggactegetyg atcecttggga gggtctecte 480
agattgattg actgcccacce tcgggggtet ttcatttgga ggttccaccyg agatttggag 540
acccetgect agggaccacce gacccceeceg cegggaggta agetggcecag cggtegttte 600
gtgtctgtet ctgtetttgt gecgtgtttgt geccggcatcet aatgtttgeg cctgegtetg 660
tactagttag ctaactagct ctgtatctgg cggaccegtyg gtggaactga cgagttctga 720
acaccecggece gcaaccctgg gagacgtecee agggactttyg ggggecgttt ttgtggeccg 780
acctgaggaa gggagtcgat gtggaatccg accccgtcag gatatgtggt tctggtagga 840
gacgagaacc taaaacagtt cccgectcceg tcetgaatttt tgettteggt ttggaaccga 900
agccgegegt cttgtetget gecagegetge ageatcegtte tgtgttgtet ctgtetgact 960
gtgtttctgt atttgtctga aaattagggc cagactgtta ccactccctt aagtttgacce 1020
ttaggtcact ggaaagatgt cgagcggatc gctcacaacc agtcggtaga tgtcaagaag 1080
agacgttggg ttaccttctg ctectgcagaa tggccaacct ttaacgtcgg atggcecgecga 1140
gacggcacct ttaaccgaga cctcatcacc caggttaaga tcaaggtctt ttcacctgge 1200
ccgcatggac acccagacca ggtcccectac atcgtgacct gggaagcectt ggettttgac 1260
cceecteect gggtcaagece ctttgtacac cctaagecte cgectectet tectccatcee 1320
gccecegtete teccecttga acctectegt tcgaccccecge ctcecgatcecctce cctttatceca 1380
gccctcacte cttetctagg cgecggaatt agatccataa cttcecgtatag gataccttat 1440
acgaagttat ctcaggtacc gccaccatga ccgagtacaa gcccacggtyg cgcctegceca 1500
ccegegacga cgtcecccagg gecgtacgea cectegecge cgegttegece gactaccccg 1560
ccacgegeca caccgtegat ccggaccgece acatcgageg ggtcaccgag ctgcaagaac 1620
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gcecctgtaca agaaacagaa aattgtggca ccagtgaaac 2100
agactttgaa ttttgacctt ctcaagttgg cgggagacgt cgagtccaac cctgggccca 2160
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tgaacccagce catcagcgtce getctectge tctcagtett gecaggtgtee cgagggcaga 2220
aggtgaccag cctgacagcc tgcctggtga accaaaacct tcgcectggac tgccgccatg 2280
agaataacac caaggataac tccatccage atgagttcag cctgacccga gagaagagga 2340
agcacgtgcet ctcaggcacc ctcgggatac cecgagcacac gtaccgctece cgcegtcacce 2400
tctccaacca gecctatate aaggtcectta ccctagecaa cttcaccacce aaggatgagg 2460
gcgactactt ttgtgagctt cgagtctegg gcgcgaatcce catgagctcce aataaaagta 2520
tcagtgtgta tagagacaaa ctggtcaagt gtggcggcat aagcctgctg gttcagaaca 2580
catcctggat getgectgetg ctgcetttcece tcetecctect ccaagecctg gacttcattt 2640
ctctgtgatc tagaagccat aacttcgtat agtacacatt atacgaagtt atgtttaaac 2700
gcattagtct tccaattgaa aaaagtgatt taatttatac cattttaatt cagctttgta 2760
aaaatgtatc aaagagatag caaggtattc agttttagta aacaagataa ttgctcctaa 2820
agtagcccct tgaattccga ggcagtaggce atccactaca agtacatgtg taatacatct 2880
gtggcttcac tattacacat gtacttgtag tgggcgctca ctgtcaacag caatatacct 2940
tctecgagect tetgttgggt taacctgaag aagtaatccce agcaagtgtt tceccaagatgt 3000
gcaggcaacg attctgtaaa gtactgaagc ctcattcaaa catagtatat gtgctgccga 3060
agcgagcact taacaaggct tgcggccgct acttgtacag ctcegtceccatg ccgagagtga 3120
tceecggegge ggtcacgaac tccagcagga ccatgtgatce gegcttcecteg ttggggtett 3180
tgctcagggce ggactgggtyg ctcaggtagt ggttgtcecggg cagcagcacg gggccgtegce 3240
cgatgggggt gttctgctgg tagtggtcgg cgagctgcac gectgccgtece tegatgttgt 3300
ggcggatcett gaagttcace ttgatgccgt tecttetgctt gteggccatg atatagacgt 3360
tgtggetgtt gtagttgtac tccagcettgt gccccaggat gttgccgtece tecttgaagt 3420
cgatgcectt cagctcgatg cggttcacca gggtgtcecgece ctcgaactte acctceggegce 3480
gggtcttgta gttgcecgtceg tcecttgaaga agatggtgeg ctectggacg tagecttegg 3540
gcatggcgga cttgaagaag tcgtgctget tcatgtggte ggggtagegg ctgaagcact 3600
gcacgccegta ggtcagggtyg gtcacgaggg tgggccaggg cacgggcagce ttgeceggtgg 3660
tgcagatgaa cttcagggtc agcttgccgt aggtggcatc geccctcecgcece tegeccggaca 3720
cgctgaactt gtggccgttt acgtcgeccgt ccagctcgac caggatgggce accaccccgg 3780
tgaacagctc ctcgecccttg ctcaccatgg tggcgaccgg tataacttcg tataaggtat 3840
cctatacgaa gttatccatt caggctgtgce tagcatcaat ggcatggcac aaagcttagce 3900
cataacttcg tataatgtgt actatacgaa gttatcccgg gttaaacgac ctgcagccaa 3960
gcttatcgat aaaataaaag attttattta gtctccagaa aaagggggga atgaaagacce 4020
ccacctgtag gtttggcaag ctagcttaag taacgccatt ttgcaaggca tggaaaatac 4080
ataactgaga atagagaagt tcagatcaag gttaggaaca gagagacagc agaatatggg 4140
ccaaacagga tatctgtggt aagcagttcc tgccccggcet cagggccaag aacagatggt 4200
ccecagatge ggtceccgece tcagcagttt ctagagaacc atcagatgtt tcecagggtgce 4260
cccaaggacce tgaaaatgac cctgtgectt atttgaacta accaatcagt tecgctteteg 4320
cttctgtteg cgcgettetyg cteccceccgage tcaataaaag agcccacaac ccectcactceg 4380
gcgegecagt cctecgatag actgegtege ccgggtacee gtgtatccaa taaaccctcet 4440
tgcagttgca tccgacttgt ggtctegetg ttecttggga gggtctcecte tgagtgattg 4500
actaccecgtce agcgggggtce tttcatgggt aacagtttcect tgaagttgga gaacaacatt 4560
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ctgagggtag gagtcgaata ttaagtaatc ctgactcaat tagccactgt tttgaatcca 4620
catactccaa tactcctgaa atagttcatt atggacagcg cagaagagct ggggagaatt 4680
aattcgtaat catggtcata gcectgtttcct gtgtgaaatt gttatccget cacaattcca 4740
cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgagctaa 4800
ctcacattaa ttgcgttgcg ctcactgcce gctttceccagt cgggaaacct gtecgtgeccag 4860
ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg gegcetcettcece 4920
gcttectege tcactgacte gctgegeteg gtcegttegge tgcggcgagce ggtatcaget 4980
cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagyg aaagaacatg 5040
tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttget ggegttttte 5100
cataggctee gccccectga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 5160
aacccgacag gactataaag ataccaggcg tttecccectg gaagctccect cgtgegetcet 5220
cctgttecga cectgecget taccggatac ctgtceccgect ttctecectte gggaagegtg 5280
gcgetttete atagctcacg ctgtaggtat ctcagttcgg tgtaggtegt tcegcectccaag 5340
ctgggcetgtg tgcacgaacc ccccgttcag cccgaccegcet gegcecttate cggtaactat 5400
cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagce cactggtaac 5460
aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 5520
tacggctaca ctagaaggac agtatttggt atctgcgcectc tgctgaagcce agttacctte 5580
ggaaaaagag ttggtagctc ttgatccggce aaacaaacca ccgctggtag cggtggtttt 5640
tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatce 5700
ttttctacgg ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg 5760
agattatcaa aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 5820
atctaaagta tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggca 5880
cctatctcag cgatctgtet atttcecgttca tccatagttg cctgactcece cgtegtgtag 5940
ataactacga tacgggaggg cttaccatct ggccccagtg ctgcaatgat accgcgagac 6000
ccacgetcac cggcteccaga tttatcagca ataaaccage cagecggaag ggccgagcege 6060
agaagtggtc ctgcaacttt atccgcectce atccagtceta ttaattgttg ccgggaagcet 6120
agagtaagta gttcgccagt taatagtttg cgcaacgttg ttgccattgce tacaggcatc 6180
gtggtgtcac gctecgtegtt tggtatgget tcattcaget ccggtteccca acgatcaagg 6240
cgagttacat gatcccccat gttgtgcaaa aaagcggtta gectccttegg tectecgatce 6300
gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat 6360
tctecttactg tcatgccate cgtaagatge ttttectgtga ctggtgagta ctcaaccaag 6420
tcattctgag aatagtgtat gcggcgaccg agttgctett gecccggcegte aatacgggat 6480
aataccgcgce cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttegggg 6540
cgaaaactct caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgca 6600
cccaactgat cttcagcatc ttttactttc accagcgttt ctgggtgagce aaaaacagga 6660
aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte 6720
ttccttttte aatattattg aagcatttat cagggttatt gtctcatgag cggatacata 6780
tttgaatgta tttagaaaaa taaacaaata ggggttccgce gcacatttcce ccgaaaagtg 6840
ccacctgacg ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 6900
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cgaggccectt tegtcectcecgeg cgttteggtg atgacggtga aaacctctga cacatgcagce 6960
tceccggagac ggtcacaget tgtctgtaag cggatgcegg gagcagacaa gcccgtcagg 7020
gcgegtcage gggtgttgge gggtgteggg gectggcttaa ctatgcggca tcagagcaga 7080
ttgtactgag agtgcaccat atgcggtgtg aaataccgca cagatgcgta aggagaaaat 7140
accgcatcag gecgccatteg ccattcaggce tgcgcaactg ttgggaaggg cgatcggtgce 7200
gggcctctte getattacge cagectggcga aagggggatg tgctgcaagg cgattaagtt 7260
gggtaacgcce agggttttece cagtcacgac gttgtaaaac gacggcgcaa ggaagcagec 7320
cagtagtagg ttgaggccgt tgagcaccgc cgccgcaagg aatggtgcat gcaaggagat 7380
ggcgeccaac agtcccccgg ccacggggcece tgccaccata cccacgecga aacaagcget 7440
catgagccecg aagtggcgag cccgatctte cccatcggtg atgtcecggcga tataggcgcece 7500
agcaaccgca cctgtggege cggtgatgece ggecacgatyg cgtecggegt agaggegatt 7560
agtccaattt gttaaagaca ggatatcagt ggtccaggct ctagttttga ctcaacaata 7620
tcaccagctg aagcctatag agtacgagcce atagataaaa taaaagattt tatttagtct 7680
ccagaaaaag gggggaa 7697
<210> SEQ ID NO 23
<211> LENGTH: 7698
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: MSCV FLIP-PTEN
<400> SEQUENCE: 23
tgaaagacce cacctgtagg tttggcaage tagcttaagt aacgccattt tgcaaggcat 60
ggaaaataca taactgagaa tagagaagtt cagatcaagg ttaggaacag agagacagca 120
gaatatgggce caaacaggat atctgtggta agcagttcct gecccggetce agggccaaga 180
acagatggtce cccagatgcg gtcccgecct cagcagttte tagagaacca tcagatgttt 240
ccagggtgee ccaaggacct gaaaatgacc ctgtgcectta tttgaactaa ccaatcagtt 300
cgettetege ttetgttege gegettetge tecccgaget caataaaaga gcccacaacce 360
cctecactegg cgcgecagte ctccgataga ctgegtegece cgggtacceyg tattcccaat 420
aaagcctett getgtttgca tccgaategt ggactegetyg atcecttggga gggtctecte 480
agattgattg actgcccacce tcgggggtet ttcatttgga ggttccaccyg agatttggag 540
acccetgect agggaccacce gacccceeceg cegggaggta agetggcecag cggtegttte 600
gtgtctgtet ctgtetttgt gecgtgtttgt geccggcatcet aatgtttgeg cctgegtetg 660
tactagttag ctaactagct ctgtatctgg cggaccegtyg gtggaactga cgagttctga 720
acaccecggece gcaaccctgg gagacgtecee agggactttyg ggggecgttt ttgtggeccg 780
acctgaggaa gggagtcgat gtggaatccg accccgtcag gatatgtggt tctggtagga 840
gacgagaacc taaaacagtt cccgectcceg tcetgaatttt tgettteggt ttggaaccga 900
agccgegegt cttgtetget gecagegetge ageatcegtte tgtgttgtet ctgtetgact 960
gtgtttctgt atttgtctga aaattagggc cagactgtta ccactccctt aagtttgacce 1020
ttaggtcact ggaaagatgt cgagcggatc gctcacaacc agtcggtaga tgtcaagaag 1080
agacgttggg ttaccttctg ctectgcagaa tggccaacct ttaacgtcgg atggcecgecga 1140
gacggcacct ttaaccgaga cctcatcacc caggttaaga tcaaggtctt ttcacctgge 1200
ccgcatggac acccagacca ggtcccectac atcgtgacct gggaagcectt ggettttgac 1260
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cceecteect gggtcaagece ctttgtacac cctaagecte cgectectet tectccatcee 1320
gccecegtete teccecttga acctectegt tcgaccccecge ctcecgatcecctce cctttatceca 1380
gccctcacte cttetctagg cgecggaatt agatccataa cttcecgtatag gataccttat 1440
acgaagttat ctcaggtacc gccaccatga ccgagtacaa gcccacggtyg cgcctegceca 1500
ccegegacga cgtcecccagg gecgtacgea cectegecge cgegttegece gactaccccg 1560
ccacgegeca caccgtegat ccggaccgece acatcgageg ggtcaccgag ctgcaagaac 1620
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gcecctgtaca agaaacagaa aattgtggca ccagtgaaac 2100
agactttgaa ttttgacctt ctcaagttgg cgggagacgt cgagtccaac cctgggccca 2160
tgaacccagce catcagcgtce getctectge tctcagtett gecaggtgtee cgagggcaga 2220
aggtgaccag cctgacagcc tgcctggtga accaaaacct tcgcectggac tgccgccatg 2280
agaataacac caaggataac tccatccage atgagttcag cctgacccga gagaagagga 2340
agcacgtgcet ctcaggcacc ctcgggatac cecgagcacac gtaccgctece cgcegtcacce 2400
tctccaacca gecctatate aaggtcectta ccctagecaa cttcaccacce aaggatgagg 2460
gcgactactt ttgtgagctt cgagtctegg gcgcgaatcce catgagctcce aataaaagta 2520
tcagtgtgta tagagacaaa ctggtcaagt gtggcggcat aagcctgctg gttcagaaca 2580
catcctggat getgectgetg ctgcetttcece tcetecctect ccaagecctg gacttcattt 2640
ctctgtgatc tagaagccat aacttcgtat agtacacatt atacgaagtt atgtttaaac 2700
gcattagtct tccaattgaa aaaagtgatt taatttatac cattttaatt cagctttgta 2760
aaaatgtatc aaagagatag caaggtattc agttttagta aacaagataa ttgctcctaa 2820
agtagcccct tgaattccga ggcagtaggce aaggtgaaac tatactttac aaatacatct 2880
gtggcttcac tatttgtaaa gtatagtttc accgcgctca ctgtcaacag caatatacct 2940
tctecgagect tetgttgggt taacctgaag aagtaatccce agcaagtgtt tceccaagatgt 3000
gcaggcaacg attctgtaaa gtactgaagc ctcattcaaa catagtatat gtgctgccga 3060
agcgagcact taacaaggct tgcggccgct acttgtacag ctcegtceccatg ccgagagtga 3120
tceecggegge ggtcacgaac tccagcagga ccatgtgatce gegcttcecteg ttggggtett 3180
tgctcagggce ggactgggtyg ctcaggtagt ggttgtcecggg cagcagcacg gggccgtegce 3240
cgatgggggt gttctgctgg tagtggtcgg cgagctgcac gectgccgtece tegatgttgt 3300
ggcggatcett gaagttcace ttgatgccgt tecttetgctt gteggccatg atatagacgt 3360
tgtggetgtt gtagttgtac tccagcettgt gccccaggat gttgccgtece tecttgaagt 3420
cgatgcectt cagctcgatg cggttcacca gggtgtcecgece ctcgaactte acctceggegce 3480
gggtcttgta gttgcecgtceg tcecttgaaga agatggtgeg ctectggacg tagecttegg 3540
gcatggcgga cttgaagaag tcgtgctget tcatgtggte ggggtagegg ctgaagcact 3600
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gecacgcecegta ggtcagggtg gtcacgaggyg tgggccaggg cacgggcage ttgeeggtgg 3660

tgcagatgaa cttcagggtc agcttgccgt aggtggcatc geccctcecgcece tegeccggaca 3720
cgctgaactt gtggccgttt acgtcgeccgt ccagctcgac caggatgggce accaccccgg 3780
tgaacagctc ctcgecccttg ctcaccatgg tggcgaccgg tataacttcg tataaggtat 3840
cctatacgaa gttatccatt caggctgtgce tagcatcaat ggcatggcac aaagcttagce 3900
cataacttcg tataatgtgt actatacgaa gttatcccgg gttaaacgac ctgcagccaa 3960
gcttatcgat aaaataaaag attttattta gtctccagaa aaagggggga atgaaagacce 4020
ccacctgtag gtttggcaag ctagcttaag taacgccatt ttgcaaggca tggaaaatac 4080
ataactgaga atagagaagt tcagatcaag gttaggaaca gagagacagc agaatatggg 4140
ccaaacagga tatctgtggt aagcagttcc tgccccggcet cagggccaag aacagatggt 4200
ccecagatge ggtceccgece tcagcagttt ctagagaacc atcagatgtt tcecagggtgce 4260
cccaaggacce tgaaaatgac cctgtgectt atttgaacta accaatcagt tecgctteteg 4320
cttctgtteg cgcgettetyg cteccceccgage tcaataaaag agcccacaac ccectcactceg 4380
gcgegecagt cctecgatag actgegtege ccgggtacee gtgtatccaa taaaccctcet 4440
tgcagttgca tccgacttgt ggtctegetg ttecttggga gggtctcecte tgagtgattg 4500
actaccecgtce agcgggggtce tttcatgggt aacagtttcect tgaagttgga gaacaacatt 4560
ctgagggtag gagtcgaata ttaagtaatc ctgactcaat tagccactgt tttgaatcca 4620
catactccaa tactcctgaa atagttcatt atggacagcg cagaagagct ggggagaatt 4680
aattcgtaat catggtcata gcectgtttcct gtgtgaaatt gttatccget cacaattcca 4740
cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgagctaa 4800
ctcacattaa ttgcgttgcg ctcactgcce gctttceccagt cgggaaacct gtecgtgeccag 4860
ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg gegcetcettcece 4920
gcttectege tcactgacte gctgegeteg gtcegttegge tgcggcgagce ggtatcaget 4980
cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagyg aaagaacatg 5040
tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttget ggegttttte 5100
cataggctee gccccectga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 5160
aacccgacag gactataaag ataccaggcg tttecccectg gaagctccect cgtgegetcet 5220
cctgttecga cectgecget taccggatac ctgtceccgect ttctecectte gggaagegtg 5280
gcgetttete atagctcacg ctgtaggtat ctcagttcgg tgtaggtegt tcegcectccaag 5340
ctgggcetgtg tgcacgaacc ccccgttcag cccgaccegcet gegcecttate cggtaactat 5400
cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagce cactggtaac 5460
aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 5520
tacggctaca ctagaaggac agtatttggt atctgcgcectc tgctgaagcce agttacctte 5580
ggaaaaagag ttggtagctc ttgatccggce aaacaaacca ccgctggtag cggtggtttt 5640
tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatce 5700
ttttctacgg ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg 5760
agattatcaa aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 5820
atctaaagta tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggca 5880
cctatctcag cgatctgtet atttcecgttca tccatagttg cctgactcece cgtegtgtag 5940

ataactacga tacgggaggg cttaccatct ggccccagtg ctgcaatgat accgcgagac 6000
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ccacgctcac cggctecaga tttatcagea ataaaccage cagecggaag ggccgagege
agaagtggtc ctgcaacttt atccgectee atccagtcta ttaattgttg ccgggaaget
agagtaagta gttcgecagt taatagtttg cgcaacgttg ttgecattge tacaggcatce
gtggtgtcac gctcegtegtt tggtatgget tcattcaget ceggttecca acgatcaagg
cgagttacat gatcccccat gttgtgcaaa aaageggtta getecttegg tcectecgate
gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg ttatggcagce actgcataat
tctettactyg tcatgecate cgtaagatge ttttetgtga ctggtgagta ctcaaccaag
tcattctgag aatagtgtat geggecgacceg agttgetett geceggegte aatacgggat
aataccgege cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttettegggg
cgaaaactct caaggatctt accgetgttg agatccagtt cgatgtaace cactcegtgca
cccaactgat cttcageate ttttacttte accagegttt ctgggtgage aaaaacagga
aggcaaaatyg ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte
ttcecttttte aatattattg aagcatttat cagggttatt gtctcatgag cggatacata
tttgaatgta tttagaaaaa taaacaaata ggggttccge gecacatttce ccgaaaagtg
ccacctgacg tctaagaaac cattattatce atgacattaa cctataaaaa taggegtatce
acgaggcect ttegtetege gegttteggt gatgacggtg aaaacctetyg acacatgcag
ctceccggaga cggtcacage ttgtetgtaa geggatgeeg ggagcagaca ageccegtcag
ggcgegtceag cgggtgttgg cgggtgtegyg ggctggetta actatgegge atcagageag
attgtactga gagtgcacca tatgcggtgt gaaataccge acagatgegt aaggagaaaa
taccgcatca ggcgecatte gecattcagg ctgegcaact gttgggaagg gegatceggtg
cgggectett cgctattacg ccagetggeg aaagggggat gtgetgcaag gegattaagt
tgggtaacge cagggtttte ccagtcacga cgttgtaaaa cgacggcegca aggaagcagce
ccagtagtag gttgaggeceg ttgagcacceg ccgecgecaag gaatggtgca tgcaaggaga
tggcegeccaa cagtcecceceg gecacgggge ctgccaccat acccacgecg aaacaagegce
tcatgagcce gaagtggcga geccgatcett ccecateggt gatgteggeg atataggege
cagcaaccge acctgtggeg ceggtgatge cggecacgat gegtceeggeg tagaggegat
tagtccaatt tgttaaagac aggatatcag tggtccagge tctagttttg actcaacaat
atcaccagct gaagcctata gagtacgage catagataaa ataaaagatt ttatttagte
tccagaaaaa ggggggaa

<210> SEQ ID NO 24

<211> LENGTH: 7806

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: MSCV FLIPi Puro2AGFP / Thyl.l-miR-FF
<400> SEQUENCE: 24

tgaaagacce cacctgtagg tttggcaage tagcttaagt aacgccattt tgcaaggceat
ggaaaataca taactgagaa tagagaagtt cagatcaagg ttaggaacag agagacagca
gaatatgggce caaacaggat atctgtggta agcagttcct gecceggete agggecaaga

acagatggtce cccagatgeg gtcccgeect cagcagttte tagagaacca tcagatgttt

ccagggtgee ccaaggacct gaaaatgacce ctgtgectta tttgaactaa ccaatcagtt

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7698

60

120

180

240

300
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cgettetege ttetgttege gegettetge tecccgaget caataaaaga gcccacaacce 360
cctecactegg cgcgecagte ctccgataga ctgegtegece cgggtacceyg tattcccaat 420
aaagcctett getgtttgca tccgaategt ggactegetyg atcecttggga gggtctecte 480
agattgattg actgcccacce tcgggggtet ttcatttgga ggttccaccyg agatttggag 540
acccetgect agggaccacce gacccceeceg cegggaggta agetggcecag cggtegttte 600
gtgtctgtet ctgtetttgt gecgtgtttgt geccggcatcet aatgtttgeg cctgegtetg 660
tactagttag ctaactagct ctgtatctgg cggaccegtyg gtggaactga cgagttctga 720
acaccecggece gcaaccctgg gagacgtecee agggactttyg ggggecgttt ttgtggeccg 780
acctgaggaa gggagtcgat gtggaatccg accccgtcag gatatgtggt tctggtagga 840
gacgagaacc taaaacagtt cccgectcceg tcetgaatttt tgettteggt ttggaaccga 900
agccgegegt cttgtetget gecagegetge ageatcegtte tgtgttgtet ctgtetgact 960
gtgtttctgt atttgtctga aaattagggc cagactgtta ccactccctt aagtttgacce 1020
ttaggtcact ggaaagatgt cgagcggatc gctcacaacc agtcggtaga tgtcaagaag 1080
agacgttggg ttaccttctg ctectgcagaa tggccaacct ttaacgtcgg atggcecgecga 1140
gacggcacct ttaaccgaga cctcatcacc caggttaaga tcaaggtctt ttcacctgge 1200
ccgcatggac acccagacca ggtcccectac atcgtgacct gggaagcectt ggettttgac 1260
cceecteect gggtcaagece ctttgtacac cctaagecte cgectectet tectccatcee 1320
gccecegtete teccecttga acctectegt tcgaccccecge ctcecgatcecctce cctttatceca 1380
gccctcacte cttetctagg cgecggaatt agatccataa cttcecgtatag gataccttat 1440
acgaagttat ctcaggtacc gccaccatgg tggagtacaa gcccacggtg cgcctcegeca 1500
ccegegacga cgtcecccagg gecgtacgea cectegecge cgegttegece gactaccccg 1560
ccacgegeca caccgtegat ccggaccgece acatcgageg ggtcaccgag ctgcaagaac 1620
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gccaaacaga aaattgtgge accagtgaaa cagactttga 2100
attttgacct tctcaagttg gegggagacg tcgagtccaa cectgggcecece ggcccecggteg 2160
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgagce 2220
tggacggcga cgtaaacggc cacaagttca gegtgtcegyg cgagggcgayg ggcgatgcca 2280
cctacggcaa gctgacccetg aagttcatct gcaccaccgg caagctgcece gtgeccctggce 2340
ccaccetegt gaccaccctg acctacggeg tgcagtgett cagecgctac cccgaccaca 2400
tgaagcagca cgacttcttc aagtccgeca tgeccgaagyg ctacgtccag gagcegcacca 2460
tcttettcaa ggacgacgge aactacaaga cccgegcecga ggtgaagttce gagggcgaca 2520
ceetggtgaa ccegcatcgag ctgaagggcea tcgacttcaa ggaggacgge aacatcctgg 2580
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 2640
agaacggcat caaggtgaac ttcaagatcc gecacaacat cgaggacggce agcgtgcage 2700
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tecgecgacca ctaccagcag aacacccecca teggcgacgg cceceegtgetyg ctgeccgaca 2760
accactacct gagcacccag tccgcectga gcaaagaccece caacgagaag cgcgatcaca 2820
tggtcctget ggagttcegtyg accgcecgceccg gatcactete ggcatggacg agctgtacaa 2880
gtagtctaga agccataact tcgtatagta cacattatac gaagtttatg catacctgga 2940
ggaaaaaaaa aaggggagag tcaggggttt aaacgcatta gtcttccaat tgaaaaaagt 3000
gatttaattt ataccatttt aattcagctt tgtaaaaatg tatcaaagag atagcaaggt 3060
attcagtttt agtaaacaag ataattgctc ctaaagtagc cccttgaatt ccgaggcagt 3120
aggcaggctc ccgctgaatt ggaatcctac atctgtgget tcactaggat tccaattcac 3180
gggagctcege tcactgtcaa cagcaatata ccttcectcgag ccecttetgttg ggttaacctyg 3240
aagaagtaat cccagcaagt gtttccaaga tgtgcaggca acgattctgt aaagtactga 3300
agcctcattc aaacatagta tatgtgctgce cgaagcgagce acttaacaag gcttgcggcece 3360
gctacttgta cagctcgtce atgecgagag tgatcccgge ggcgccactce acctgcaatt 3420
gggccgceteca cagagaaatg aagtccaggg cttggaggag ggagagggaa agcagcagca 3480
gcagcatcca ggatgtgtte tgaaccagca ggcttatgec gccacacttg accagtttgt 3540
ctctatacac actgatactt ttattggagc tcatgggatt cgcgcccgag actcgaagct 3600
cacaaaagta gtcgccctceca tecttggtgg tgaagttgge tagggtaagg accttgatat 3660
agggctggtt ggagagggtg acgcgggagce ggtacgtgtg ctcgggtatce ccgagggtgce 3720
ctgagagcac gtgcttccecte ttectcecteggg tcaggctgaa ctcatgctgg atggagttat 3780
ccttggtgtt attctcatgg cggcagtcca ggcgaaggtt ttggttcacc aggcaggctg 3840
tcaggctggt caccttectge cctcegggaca cctgcaagac tgagagcagyg agagcgacgce 3900
tgatggctgg gttcatggtyg gcgaccggta taacttcecgta taaggtatcce tatacgaagt 3960
tatccattca ggctgtgcta gcatcaatgg catggcacaa agcttagcca taacttcgta 4020
taatgtgtac tatacgaagt tatcccgggt taaacgacct gcagccaagce ttatcgataa 4080
aataaaagat tttatttagt ctccagaaaa aggggggaat gaaagacccce acctgtaggt 4140
ttggcaagct agcttaagta acgccatttt gcaaggcatg gaaaatacat aactgagaat 4200
agagaagttc agatcaaggt taggaacaga gagacagcag aatatgggcc aaacaggata 4260
tctgtggtaa gcagttcctg ccccggctca gggccaagaa cagatggtcece ccagatgegg 4320
tceecgeecte agcagtttet agagaaccat cagatgtttce cagggtgccce caaggacctg 4380
aaaatgaccc tgtgccttat ttgaactaac caatcagttc gettctcecget tetgttegeg 4440
cgettetget ccccgagetce aataaaagag cccacaacce ctcactcegge gegecagtcece 4500
tcecgatagac tgcgtcecgecce gggtacccgt gtatccaata aaccctcttg cagttgcatce 4560
cgacttgtgg tctcegcectgtt ccttgggagg gtctectetg agtgattgac tacccgtcag 4620
cgggggtett tcatgggtaa cagtttecttg aagttggaga acaacattct gagggtagga 4680
gtcgaatatt aagtaatcct gactcaatta gccactgttt tgaatccaca tactccaata 4740
ctcctgaaat agttcattat ggacagcgca gaagagctgg ggagaattaa ttcgtaatca 4800
tggtcatagce tgtttcctgt gtgaaattgt tatccgctca caattccaca caacatacga 4860
gccggaagca taaagtgtaa agectggggt gectaatgag tgagctaact cacattaatt 4920
gcgttgeget cactgcccge tttecagteg ggaaacctgt cgtgccaget gcattaatga 4980
atcggccaac gcgcggggag aggcggtttg cgtattggge gectcttceccge ttectegete 5040
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actgactcge tgcgctceggt cgtteggcectg cggcgagegg tatcagctca ctcaaaggceg 5100
gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggce 5160
cagcaaaagg ccaggaaccg taaaaaggcc gcgttgetgg cgtttttceca taggctceccecgce 5220
cceectgacyg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga 5280
ctataaagat accaggcgtt tccccctgga agctcecccteg tgcgctctece tgttecgace 5340
ctgccgcetta ccggatacct gtceccgecttt cteecttegg gaagegtgge getttcetcat 5400
agctcacgct gtaggtatct cagttceggtg taggtcgttce gectccaaget gggcectgtgtg 5460
cacgaacccce ccgttcagec cgaccgectge gcecttatecg gtaactatceg tettgagtcece 5520
aacccggtaa gacacgactt atcgccactg gecagcagceca ctggtaacag gattagcaga 5580
gcgaggtatg taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact 5640
agaaggacag tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt 5700
ggtagctcectt gatccggcaa acaaaccacc gctggtageg gtggtttttt tgtttgcaag 5760
cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt ttctacgggg 5820
tctgacgecte agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa 5880
aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata 5940
tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagceg 6000
atctgtcectat ttcgttcatc catagttgce tgactcccecg tcgtgtagat aactacgata 6060
cgggagggcet taccatctgg ccccagtget geaatgatac cgecgagacce acgctcaccyg 6120
gctecagatt tatcagcaat aaaccagcca gccggaaggg ccgagcegcag aagtggtect 6180
gcaactttat ccgectceccat ccagtctatt aattgttgec gggaagctag agtaagtagt 6240
tcgccagtta atagtttgeg caacgttgtt gccattgcecta caggcatcgt ggtgtcacgce 6300
tcgtegtttg gtatggctte attcagectce ggttcecccaac gatcaaggcg agttacatga 6360
tcececcatgt tgtgcaaaaa agcggttage tcectteggte ctceccgatcgt tgtcagaagt 6420
aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc tcecttactgtce 6480
atgccatcecg taagatgctt ttectgtgact ggtgagtact caaccaagtce attctgagaa 6540
tagtgtatgc ggcgaccgag ttgctcecttge ccggcgtcaa tacgggataa taccgcgceca 6600
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca 6660
aggatcttac cgctgttgag atccagttcg atgtaaccca ctcgtgcacce caactgatct 6720
tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcce 6780
gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa 6840
tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt 6900
tagaaaaata aacaaatagg ggttccgcgce acatttcccce gaaaagtgcce acctgacgtce 6960
taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 7020
cgtctegege gttteggtga tgacggtgaa aacctctgac acatgcaget cccggagacg 7080
gtcacagett gtctgtaage ggatgecggg agcagacaag cecgtcaggg cgegtcageg 7140
ggtgttggeg ggtgtcgggg ctggcttaac tatgcggcat cagagcagat tgtactgaga 7200
gtgcaccata tgcggtgtga aataccgcac agatgcgtaa ggagaaaata ccgcatcagg 7260
cgccattege cattcaggcet gegcaactgt tgggaagggce gatcggtgceg ggcctcetteg 7320
ctattacgcce agctggcgaa agggggatgt gctgcaaggce gattaagttg ggtaacgcca 7380
gggtttteee agtcacgacg ttgtaaaacg acggcgcaag gaagcagccc agtagtaggt 7440
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tgaggcegtt gagcaccgece gecgcaagga atggtgeatg caaggagatg gegcccaaca
gtceceegge cacggggect gecaccatac ccacgccgaa acaagcegetce atgageccga
agtggcgage ccgatcttee ccatcggtga tgteggegat ataggegeca gcaaccgcac
ctgtggegee ggtgatgeeg gecacgatge gtecggegta gaggcgatta gtccaatttg
ttaaagacag gatatcagtg gtccaggete tagttttgac tcaacaatat caccagctga
agcctataga gtacgagcca tagataaaat aaaagatttt atttagtcte cagaaaaagg

dgggaa

<210> SEQ ID NO 25

<211> LENGTH: 7766

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: MSCV FLIPi Puro2AGFP / Thyl.l-miR-p53
<400> SEQUENCE: 25

tgaaagacce cacctgtagg tttggcaage tagcttaagt aacgccattt tgcaaggceat
ggaaaataca taactgagaa tagagaagtt cagatcaagg ttaggaacag agagacagca
gaatatgggce caaacaggat atctgtggta agcagttcct gecceggete agggecaaga
acagatggtce cccagatgeg gtcccgeect cagcagttte tagagaacca tcagatgttt
ccagggtgee ccaaggacct gaaaatgacce ctgtgectta tttgaactaa ccaatcagtt
cgcttetege ttetgttege gegettetge tecccgaget caataaaaga gceccacaacce
cctecactegg cgegecagte ctecgataga ctgegtegece cgggtacecg tattcccaat
aaagcctett getgtttgea tecgaategt ggactegetg atcettggga gggtcetecte
agattgattg actgcccacce tegggggtcet ttecatttgga ggttccaccg agatttggag
acccctgect agggaccacce gacccceceeg ccgggaggta agetggecag cggtegttte
gtgtctgtet ctgtetttgt gegtgtttgt geceggcatct aatgtttgeg cctgegtetg
tactagttag ctaactagct ctgtatctgg cggaccegtg gtggaactga cgagttctga
acacceggece gcaaccctgg gagacgtece agggactttg ggggeegttt ttgtggeceg
acctgaggaa gggagtcgat gtggaatceg acccegtcag gatatgtggt tcetggtagga
gacgagaacc taaaacagtt cccgectceg tctgaatttt tgettteggt ttggaaccga
agccgegegt cttgtetget geagegetge ageatcgtte tgtgttgtet ctgtcetgact
gtgtttetgt atttgtctga aaattaggge cagactgtta ccactccctt aagtttgacce
ttaggtcact ggaaagatgt cgagcggatce gctcacaacce agteggtaga tgtcaagaag
agacgttggg ttaccttetg ctetgcagaa tggccaacct ttaacgtegg atggecgega
gacggcacct ttaaccgaga cctcatcacce caggttaaga tcaaggtcett ttcacctgge
ccgcatggac acccagacca ggtccectac ategtgaccet gggaagectt ggettttgac
cccecteect gggtcaagee ctttgtacac cctaagecte cgectectet tectccatcece
geccegtete tceccecttga acctectegt tegacccege ctegatecte cctttatcca
gecctecacte cttetctagg cgccggaatt agatccataa cttegtatag gataccttat
acgaagttat ctcaggtacc gecaccatgg tggagtacaa geccacggtyg cgectegeca

ccegegacga cgtceccagg gecgtacgea cectegecge cgegttegee gactaccceeg

ccacgegeca caccgtegat ceggaccgece acatcgageg ggtcaccgag ctgcaagaac

7500

7560

7620

7680

7740

7800

7806

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



163

US 9,043,994 B2

164

-continued
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gccaaacaga aaattgtgge accagtgaaa cagactttga 2100
attttgacct tctcaagttg gegggagacg tcgagtccaa cectgggcecece ggcccecggteg 2160
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgagce 2220
tggacggcga cgtaaacggc cacaagttca gegtgtcegyg cgagggcgayg ggcgatgcca 2280
cctacggcaa gctgacccetg aagttcatct gcaccaccgg caagctgcece gtgeccctggce 2340
ccaccetegt gaccaccctg acctacggeg tgcagtgett cagecgctac cccgaccaca 2400
tgaagcagca cgacttcttc aagtccgeca tgeccgaagyg ctacgtccag gagcegcacca 2460
tcttettcaa ggacgacgge aactacaaga cccgegcecga ggtgaagttce gagggcgaca 2520
ceetggtgaa ccegcatcgag ctgaagggcea tcgacttcaa ggaggacgge aacatcctgg 2580
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 2640
agaacggcat caaggtgaac ttcaagatcc gecacaacat cgaggacggce agcgtgcage 2700
tecgecgacca ctaccagcag aacacccecca teggcgacgg cceceegtgetyg ctgeccgaca 2760
accactacct gagcacccag tccgcectga gcaaagaccece caacgagaag cgcgatcaca 2820
tggtcctget ggagttcegtyg accgcecgceccg ggatcactet cggcatggac gagctgtaca 2880
agtagtctag aagccataac ttcgtatagt acacattata cgaagtttat gcatacctgg 2940
aggaaaaaaa aaaggggaga gtcaggggtt taaacgcatt agtcttccaa ttgaaaaaag 3000
tgatttaatt tataccattt taattcagct ttgtaaaaat gtatcaaaga gatagcaagg 3060
tattcagttt tagtaaacaa gataattgct cctaaagtag ccccttgaat tccgaggcag 3120
taggcatcca ctacaagtac atgtgtaata catctgtggce ttcactatta cacatgtact 3180
tgtagtgggce gctcactgtc aacagcaata taccttcteg agecttctgt tgggttaacce 3240
tgaagaagta atcccagcaa gtgtttccaa gatgtgcagg caacgattct gtaaagtact 3300
gaagcctcat tcaaacatag tatatgtgct gccgaagcga gcacttaaca aggcttgegg 3360
cecgeccacte acctgcaatt gggccgetca cagagaaatyg aagtccaggyg cttggaggag 3420
ggagagggaa agcagcagca gcagcatcca ggatgtgtte tgaaccagca ggcttatgece 3480
gccacacttg accagtttgt ctctatacac actgatactt ttattggagc tcatgggatt 3540
cgcgeccgag actcgaagcet cacaaaagta gtcgccctca tecttggtgg tgaagttggce 3600
tagggtaagg accttgatat agggctggtt ggagagggtg acgcgggagce ggtacgtgtg 3660
ctcgggtate ccgagggtgce ctgagagcac gtgcecttecte ttcectectceggg tcaggctgaa 3720
ctcatgctgg atggagttat ccttggtgtt attctcatgg cggcagtcca ggcgaaggtt 3780
ttggttcacc aggcaggctg tcaggctggt caccttetge cctcecgggaca cctgcaagac 3840
tgagagcagg agagcgacgc tgatggctgg gttcatggtg gcgaccggta taacttcegta 3900
taaggtatcc tatacgaagt tatccattca ggctgtgcta gcatcaatgg catggcacaa 3960
agcttagcca taacttcgta taatgtgtac tatacgaagt tatcccgggt taaacgacct 4020
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gcagccaagce ttatcgataa aataaaagat tttatttagt ctccagaaaa aggggggaat 4080
gaaagaccecce acctgtaggt ttggcaagct agcttaagta acgccatttt gcaaggcatg 4140
gaaaatacat aactgagaat agagaagttc agatcaaggt taggaacaga gagacagcag 4200
aatatgggcc aaacaggata tctgtggtaa gcagttcectg ccccggctca gggccaagaa 4260
cagatggtcc ccagatgcgg tcecccgceccte agcagtttet agagaaccat cagatgtttce 4320
cagggtgccce caaggacctg aaaatgaccce tgtgccttat ttgaactaac caatcagttce 4380
gctteteget tetgttegeg cgettetget ccccgagcte aataaaagag cccacaaccce 4440
ctcactegge gecgccagtece tecgatagac tgcgtcecgecce gggtacccecgt gtatccaata 4500
aaccctettg cagttgcatce cgacttgtgg tctegetgtt cecttgggagg gtcectectetg 4560
agtgattgac tacccgtcag cgggggtctt tcatgggtaa cagtttcttg aagttggaga 4620
acaacattct gagggtagga gtcgaatatt aagtaatcct gactcaatta gccactgttt 4680
tgaatccaca tactccaata ctcctgaaat agttcattat ggacagcgca gaagagctgg 4740
ggagaattaa ttcgtaatca tggtcatagc tgtttcctgt gtgaaattgt tatccgcetca 4800
caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt gectaatgag 4860
tgagctaact cacattaatt gcgttgcgct cactgcccege tttceccagteg ggaaacctgt 4920
cgtgccaget gecattaatga atcggccaac gcgceggggag aggcggtttg cgtattgggce 4980
gctetteege ttectegete actgactege tgcgecteggt cgtteggetg cggcgagegy 5040
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 5100
agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce gcgttgetgg 5160
cgtttttecca taggctcege ccccctgacg agcatcacaa aaatcgacgce tcaagtcaga 5220
ggtggcgaaa cccgacagga ctataaagat accaggcgtt tceccccectgga agctcececteg 5280
tgcgctetee tgttecgace ctgccgetta ccggatacct gtceccgecttt cteecttegg 5340
gaagcgtgge gctttcectcat agctcacget gtaggtatcet cagttceggtg taggtcegtte 5400
gcteccaaget gggcetgtgtg cacgaaccce ccgttcagec cgaccgcectgce gecttatecyg 5460
gtaactatcg tcecttgagtce aacccggtaa gacacgactt atcgccactg gcagcagceca 5520
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 5580
ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctectg ctgaagcecag 5640
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gcetggtageg 5700
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 5760
ctttgatctt ttctacgggg tcectgacgctce agtggaacga aaactcacgt taagggattt 5820
tggtcatgag attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt 5880
ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca 5940
gtgaggcacc tatctcagcg atctgtctat ttcgttcatce catagttgcec tgactcceccecg 6000
tcgtgtagat aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac 6060
cgegagacce acgctcaccg getccagatt tatcagcaat aaaccagcca gccggaaggg 6120
ccgagcgcag aagtggtcect gcaactttat ccgectcecat ccagtctatt aattgttgece 6180
gggaagctag agtaagtagt tcgccagtta atagtttgceg caacgttgtt gccattgceta 6240
caggcatcgt ggtgtcacge tcgtcegtttg gtatggettce attcagctecce ggttceccaac 6300
gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa agcggttagce tcctteggte 6360
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ctcegategt tgtcagaagt aagttggecg cagtgttatce actcatggtt atggcagcac
tgcataattc tcttactgte atgecateceg taagatgett ttetgtgact ggtgagtact
caaccaagtc attctgagaa tagtgtatge ggegaccgag ttgetettge ccggegtcaa
tacgggataa taccgcgcca catagcagaa ctttaaaagt getcatcatt ggaaaacgtt
ctteggggeg aaaactctca aggatcttac cgetgttgag atccagtteg atgtaaccca
ctegtgcace caactgatct tcagcatett ttactttcac cagegtttet gggtgagcaa
aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggce gacacggaaa tgttgaatac
tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgageg
gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgege acattteccc
gaaaagtgcce acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata
ggcgtatcac gaggecccttt cgtctegege gttteggtga tgacggtgaa aacctcetgac
acatgcagcet cccggagacg gtcacagett gtetgtaage ggatgecggg agcagacaag
ccegteaggyg cgegtecageg ggtgttggeg ggtgtegggg ctggettaac tatgeggeat
cagagcagat tgtactgaga gtgcaccata tgeggtgtga aataccgcac agatgcgtaa
ggagaaaata ccgcatcagg cgccattcge cattcagget gegcaactgt tgggaaggge
gatcggtgeg ggectetteg ctattacgee agetggcegaa agggggatgt getgecaagge
gattaagttyg ggtaacgcca gggttttcce agtcacgacg ttgtaaaacyg acggcgcaag
gaagcagccee agtagtaggt tgaggccgtt gagcaccgece gecgcaagga atggtgeatg
caaggagatyg gcgcccaaca gteeceegge cacggggect gecaccatac ccacgccgaa
acaagcgcte atgageccga agtggcegage ccgatcttec cecatcggtga tgteggegat
ataggcgeca gcaaccgcac ctgtggegee ggtgatgeeg gecacgatge gtceceggegta
gaggcgatta gtccaatttg ttaaagacag gatatcagtg gtccaggetce tagttttgac
tcaacaatat caccagctga agcctataga gtacgagcca tagataaaat aaaagatttt
atttagtcte cagaaaaagg ggggaa

<210> SEQ ID NO 26

<211> LENGTH: 7766

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: MSCV FLIPi Puro2AGFP / Thyl.l-miR-PTEN
<400> SEQUENCE: 26

tgaaagacce cacctgtagg tttggcaage tagcttaagt aacgccattt tgcaaggceat
ggaaaataca taactgagaa tagagaagtt cagatcaagg ttaggaacag agagacagca
gaatatgggce caaacaggat atctgtggta agcagttcct gecceggete agggecaaga
acagatggtce cccagatgeg gtcccgeect cagcagttte tagagaacca tcagatgttt
ccagggtgee ccaaggacct gaaaatgacce ctgtgectta tttgaactaa ccaatcagtt
cgcttetege ttetgttege gegettetge tecccgaget caataaaaga gceccacaacce
cctecactegg cgegecagte ctecgataga ctgegtegece cgggtacecg tattcccaat
aaagcctett getgtttgea tecgaategt ggactegetg atcettggga gggtcetecte
agattgattg actgcccacce tegggggtcet ttecatttgga ggttccaccg agatttggag

acccctgect agggaccacce gacccceceeg ccgggaggta agetggecag cggtegttte

gtgtctgtet ctgtetttgt gegtgtttgt geceggcatct aatgtttgeg cctgegtetg

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7766

60

120

180

240

300

360

420

480

540

600

660
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tactagttag ctaactagct ctgtatctgg cggaccegtyg gtggaactga cgagttctga 720
acaccecggece gcaaccctgg gagacgtecee agggactttyg ggggecgttt ttgtggeccg 780
acctgaggaa gggagtcgat gtggaatccg accccgtcag gatatgtggt tctggtagga 840
gacgagaacc taaaacagtt cccgectcceg tcetgaatttt tgettteggt ttggaaccga 900
agccgegegt cttgtetget gecagegetge ageatcegtte tgtgttgtet ctgtetgact 960
gtgtttctgt atttgtctga aaattagggc cagactgtta ccactccctt aagtttgacce 1020
ttaggtcact ggaaagatgt cgagcggatc gctcacaacc agtcggtaga tgtcaagaag 1080
agacgttggg ttaccttctg ctectgcagaa tggccaacct ttaacgtcgg atggcecgecga 1140
gacggcacct ttaaccgaga cctcatcacc caggttaaga tcaaggtctt ttcacctgge 1200
ccgcatggac acccagacca ggtcccectac atcgtgacct gggaagcectt ggettttgac 1260
cceecteect gggtcaagece ctttgtacac cctaagecte cgectectet tectccatcee 1320
gccecegtete teccecttga acctectegt tcgaccccecge ctcecgatcecctce cctttatceca 1380
gccctcacte cttetctagg cgecggaatt agatccataa cttcecgtatag gataccttat 1440
acgaagttat ctcaggtacc gccaccatgg tggagtacaa gcccacggtg cgcctcegeca 1500
ccegegacga cgtcecccagg gecgtacgea cectegecge cgegttegece gactaccccg 1560
ccacgegeca caccgtegat ccggaccgece acatcgageg ggtcaccgag ctgcaagaac 1620
tcttectcac gegegteggyg ctecgacatcg gcaaggtgtg ggtcecgeggac gacggcegecg 1680
cggtggeggt ctggaccacg ccggagageg tcgaageggyg ggeggtgtte gecgagatcg 1740
geeegegeat ggecgagttg ageggttece ggetggecge gcagcaacag atggaaggec 1800
teetggegee gcaccggece aaggagecceg cgtggttect ggecaccgte ggegtcectege 1860
ccgaccacca gggcaagggt ctgggcageg cegtegtget ceceggagtyg gaggeggcecyg 1920
agcgegecegg ggtgeccgee ttectggaga cetecgegee cegcaaccte cccttetacyg 1980
agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gccaaacaga aaattgtgge accagtgaaa cagactttga 2100
attttgacct tctcaagttg gegggagacg tcgagtccaa cectgggcecece ggcccecggteg 2160
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgagce 2220
tggacggcga cgtaaacggc cacaagttca gegtgtcegyg cgagggcgayg ggcgatgcca 2280
cctacggcaa gctgacccetg aagttcatct gcaccaccgg caagctgcece gtgeccctggce 2340
ccaccetegt gaccaccctg acctacggeg tgcagtgett cagecgctac cccgaccaca 2400
tgaagcagca cgacttcttc aagtccgeca tgeccgaagyg ctacgtccag gagcegcacca 2460
tcttettcaa ggacgacgge aactacaaga cccgegcecga ggtgaagttce gagggcgaca 2520
ceetggtgaa ccegcatcgag ctgaagggcea tcgacttcaa ggaggacgge aacatcctgg 2580
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 2640
agaacggcat caaggtgaac ttcaagatcc gecacaacat cgaggacggce agcgtgcage 2700
tecgecgacca ctaccagcag aacacccecca teggcgacgg cceceegtgetyg ctgeccgaca 2760
accactacct gagcacccag tccgcectga gcaaagaccece caacgagaag cgcgatcaca 2820
tggtcctget ggagttcegtyg accgcecgceccg ggatcactet cggcatggac gagctgtaca 2880
agtagtctag aagccataac ttcgtatagt acacattata cgaagtttat gcatacctgg 2940
aggaaaaaaa aaaggggaga gtcaggggtt taaacgcatt agtcttccaa ttgaaaaaag 3000
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tgatttaatt tataccattt taattcagct ttgtaaaaat gtatcaaaga gatagcaagg 3060
tattcagttt tagtaaacaa gataattgct cctaaagtag ccccttgaat tccgaggcag 3120
taggcaaggt gaaactatac tttacaaata catctgtggc ttcactattt gtaaagtata 3180
gtttcaccge gctcactgte aacagcaata taccttcteg agecttetgt tgggttaacce 3240
tgaagaagta atcccagcaa gtgtttccaa gatgtgcagg caacgattct gtaaagtact 3300
gaagcctcat tcaaacatag tatatgtgct gccgaagcga gcacttaaca aggcttgegg 3360
cecgeccacte acctgcaatt gggccgetca cagagaaatyg aagtccaggyg cttggaggag 3420
ggagagggaa agcagcagca gcagcatcca ggatgtgtte tgaaccagca ggcttatgece 3480
gccacacttg accagtttgt ctctatacac actgatactt ttattggagc tcatgggatt 3540
cgcgeccgag actcgaagcet cacaaaagta gtcgccctca tecttggtgg tgaagttggce 3600
tagggtaagg accttgatat agggctggtt ggagagggtg acgcgggagce ggtacgtgtg 3660
ctcgggtate ccgagggtgce ctgagagcac gtgcecttecte ttcectectceggg tcaggctgaa 3720
ctcatgctgg atggagttat ccttggtgtt attctcatgg cggcagtcca ggcgaaggtt 3780
ttggttcacc aggcaggctg tcaggctggt caccttetge cctcecgggaca cctgcaagac 3840
tgagagcagg agagcgacgc tgatggctgg gttcatggtg gcgaccggta taacttcegta 3900
taaggtatcc tatacgaagt tatccattca ggctgtgcta gcatcaatgg catggcacaa 3960
agcttagcca taacttcgta taatgtgtac tatacgaagt tatcccgggt taaacgacct 4020
gcagccaagce ttatcgataa aataaaagat tttatttagt ctccagaaaa aggggggaat 4080
gaaagaccecce acctgtaggt ttggcaagct agcttaagta acgccatttt gcaaggcatg 4140
gaaaatacat aactgagaat agagaagttc agatcaaggt taggaacaga gagacagcag 4200
aatatgggcc aaacaggata tctgtggtaa gcagttcectg ccccggctca gggccaagaa 4260
cagatggtcc ccagatgcgg tcecccgceccte agcagtttet agagaaccat cagatgtttce 4320
cagggtgccce caaggacctg aaaatgaccce tgtgccttat ttgaactaac caatcagttce 4380
gctteteget tetgttegeg cgettetget ccccgagcte aataaaagag cccacaaccce 4440
ctcactegge gecgccagtece tecgatagac tgcgtcecgecce gggtacccecgt gtatccaata 4500
aaccctettg cagttgcatce cgacttgtgg tctegetgtt cecttgggagg gtcectectetg 4560
agtgattgac tacccgtcag cgggggtctt tcatgggtaa cagtttcttg aagttggaga 4620
acaacattct gagggtagga gtcgaatatt aagtaatcct gactcaatta gccactgttt 4680
tgaatccaca tactccaata ctcctgaaat agttcattat ggacagcgca gaagagctgg 4740
ggagaattaa ttcgtaatca tggtcatagc tgtttcctgt gtgaaattgt tatccgcetca 4800
caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt gectaatgag 4860
tgagctaact cacattaatt gcgttgcgct cactgcccege tttceccagteg ggaaacctgt 4920
cgtgccaget gecattaatga atcggccaac gcgceggggag aggcggtttg cgtattgggce 4980
gctetteege ttectegete actgactege tgcgecteggt cgtteggetg cggcgagegy 5040
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 5100
agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce gcgttgetgg 5160
cgtttttecca taggctcege ccccctgacg agcatcacaa aaatcgacgce tcaagtcaga 5220
ggtggcgaaa cccgacagga ctataaagat accaggcgtt tceccccectgga agctcececteg 5280
tgcgctetee tgttecgace ctgccgetta ccggatacct gtceccgecttt cteecttegg 5340
gaagcgtgge gctttcectcat agctcacget gtaggtatcet cagttceggtg taggtcegtte 5400
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gcteccaaget gggcetgtgtg cacgaaccce ccgttcagec cgaccgcectgce gecttatecyg 5460
gtaactatcg tcecttgagtce aacccggtaa gacacgactt atcgccactg gcagcagceca 5520
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 5580
ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctectg ctgaagcecag 5640
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gcetggtageg 5700
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 5760
ctttgatctt ttctacgggg tcectgacgctce agtggaacga aaactcacgt taagggattt 5820
tggtcatgag attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt 5880
ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca 5940
gtgaggcacc tatctcagcg atctgtctat ttcgttcatce catagttgcec tgactcceccecg 6000
tcgtgtagat aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac 6060
cgegagacce acgctcaccg getccagatt tatcagcaat aaaccagcca gccggaaggg 6120
ccgagcgcag aagtggtcect gcaactttat ccgectcecat ccagtctatt aattgttgece 6180
gggaagctag agtaagtagt tcgccagtta atagtttgceg caacgttgtt gccattgceta 6240
caggcatcgt ggtgtcacge tcgtcegtttg gtatggettce attcagctecce ggttceccaac 6300
gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa agcggttagce tcctteggte 6360
ctccgategt tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac 6420
tgcataattc tcttactgtc atgccatccg taagatgcett ttctgtgact ggtgagtact 6480
caaccaagtc attctgagaa tagtgtatgc ggcgaccgag ttgctcttge ccggcegtcaa 6540
tacgggataa taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt 6600
cttcggggceg aaaactctca aggatcttac cgctgttgag atccagttcg atgtaaccca 6660
ctcgtgcacce caactgatct tcagcatctt ttactttcac cagcgtttet gggtgagcaa 6720
aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggce gacacggaaa tgttgaatac 6780
tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagceg 6840
gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgc acatttcecccce 6900
gaaaagtgcc acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata 6960
ggcgtatcac gaggcccttt cgtetecgege gtttecggtga tgacggtgaa aacctctgac 7020
acatgcagct cccggagacg gtcacagett gtetgtaage ggatgccggyg agcagacaag 7080
ccegtecaggg cgcgtcageg ggtgttggeg ggtgtcgggg ctggcttaac tatgceggcat 7140
cagagcagat tgtactgaga gtgcaccata tgcggtgtga aataccgcac agatgcgtaa 7200
ggagaaaata ccgcatcagg cgccattcge cattcagget gcegcaactgt tgggaagggce 7260
gatcggtgeg ggcctectteg ctattacgece agctggcgaa agggggatgt gctgcaaggce 7320
gattaagttg ggtaacgcca gggttttcce agtcacgacg ttgtaaaacg acggcgcaag 7380
gaagcagcee agtagtaggt tgaggccgtt gagcaccgec gecgcaagga atggtgcatg 7440
caaggagatg gcgcccaaca gtccceegge cacggggect gcecaccatac ccacgcecgaa 7500
acaagcgctce atgagcccga agtggcgagce ccgatcttece ccatcggtga tgtcecggcgat 7560
ataggcgcca gcaaccgcac ctgtggegece ggtgatgecyg gcecacgatge gtcecggegta 7620
gaggcgatta gtccaatttg ttaaagacag gatatcagtg gtccaggctc tagttttgac 7680
tcaacaatat caccagctga agcctataga gtacgagcca tagataaaat aaaagatttt 7740
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atttagtcte cagaaaaagg ggggaa

<210> SEQ ID NO 27
<211> LENGTH: 8157

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: MSCV FLIPi Puro2AGFP / Thyl.l-miR-Dbl p53 &

PTEN

<400> SEQUENCE: 27

tgaaagaccc

ggaaaataca

gaatatgggce

acagatggtc

ccagggtgec

cgcttetege

ccteactegy

aaagcctett

agattgattg

accectgect

gtgtctgtet

tactagttag

acacceggec

acctgaggaa

gacgagaacc

agccgegegt

gtgtttetgt

ttaggtcact

agacgttggg

gacggcacct

ccgecatggac

cceectecect

gececegtete

geccteacte

acgaagttat

cecegegacga

ccacgegeca

tcttectecac

cggtggecgge

gecegegeat

tectggegec

ccgaccacca

agegegecgyg

cacctgtagyg

taactgagaa

caaacaggat

cccagatgeg

ccaaggacct

ttetgttege

cgegecagte

getgtttgea

actgcccace

agggaccacc

ctgtetttgt

ctaactagct

gcaaccctygyg

gggagtcgat

taaaacagtt

cttgtetget

atttgtctga

ggaaagatgt

ttaccttetyg

ttaaccgaga

acccagacca

gggtcaagce

tccececttga

cttetetagyg

ctcaggtacc

cgtecccagy

caccgtegat

gegegteggg

ctggaccacyg

ggccgagttg

gcaccggece

gggcaagggt

ggtgceccgee

tttggcaage

tagagaagtt

atctgtggta

gtcecgeect

gaaaatgacc

gegettetge

ctcecgataga

tccgaategt

thggggtCt

gaccceececyg

gegtgtttgt

ctgtatctygg

gagacgtcce

gtggaatccyg

cecegecteeyg

gcagcegetge

aaattagggc

cgagcggatce

ctctgcagaa

cctcatcacce

ggtccectac

ctttgtacac

acctectegt

cgceggaatt

gecaccatgg

gecgtacgcea

ceggaccgec

ctcgacateg

ccggagagcyg

agcggttece

aaggagcccg

ctgggcagcg

ttcctggaga

tagcttaagt

cagatcaagg

agcagttect

cagcagttte

ctgtgectta

tccecgaget

ctgegtegee

ggactcgety

ttcatttgga

ccgggaggta

geeggeatet

cggaccegty

agggactttg

accccgteag

tctgaatttt

agcatcgtte

cagactgtta

gctcacaace

tggccaacct

caggttaaga

atcgtgacct

cctaagecte

tcgacccege

agatccataa

tggagtacaa

cecctegecge

acatcgageg

gcaaggtgtg

tcgaagcggg

ggCtggCCgC

cgtggttect

cegtegtget

cctecgegec

aacgccattt

ttaggaacag

geceeggete

tagagaacca

tttgaactaa

caataaaaga

cgggtacccey

atccttggga

ggttccacceg

agctggecag

aatgtttgeg

gtggaactga

ggggccgttt

gatatgtggt

tgcttteggt

tgtgttgtet

ccactcectt

agtcggtaga

ttaacgtcgyg

tcaaggtett

gggaagccett

cgectectet

ctcgatecte

cttegtatag

geccacggtyg

cgegttegee

ggtcaccgag

ggtcgcggac

ggcggtgttc

gcagcaacag

ggccacegte

cceceggagty

ccgcaaccte

tgcaaggcat

agagacagca

agggccaaga

tcagatgttt

ccaatcagtt

gcccacaacc

tattcccaat

gggtctecte

agatttggag

cggtegttte

cctgegtety

cgagttctga

ttgtggceey

tctggtagga

ttggaaccga

ctgtctgact

aagtttgacc

tgtcaagaag

atggccgega

ttcacctgge

ggcttttgac

tcctecatcece

cctttatcca

gataccttat

cgectegeca

gactacccceg

ctgcaagaac

gacggcgccg

gecgagateg

atggaaggcc

ggcegtetege

gaggceggcecg

cccttetacy

7766

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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agcggetegg cttcaccgte accgccgacg tegaggtgece cgaaggaccyg cgcacctggt 2040
gcatgacceyg caagcccggt gccaaacaga aaattgtgge accagtgaaa cagactttga 2100
attttgacct tctcaagttg gegggagacg tcgagtccaa cectgggcecece ggcccecggteg 2160
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgagce 2220
tggacggcga cgtaaacggc cacaagttca gegtgtcegyg cgagggcgayg ggcgatgcca 2280
cctacggcaa gctgacccetg aagttcatct gcaccaccgg caagctgcece gtgeccctggce 2340
ccaccetegt gaccaccctg acctacggeg tgcagtgett cagecgctac cccgaccaca 2400
tgaagcagca cgacttcttc aagtccgeca tgeccgaagyg ctacgtccag gagcegcacca 2460
tcttettcaa ggacgacgge aactacaaga cccgegcecga ggtgaagttce gagggcgaca 2520
ceetggtgaa ccegcatcgag ctgaagggcea tcgacttcaa ggaggacgge aacatcctgg 2580
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 2640
agaacggcat caaggtgaac ttcaagatcc gecacaacat cgaggacggce agcgtgcage 2700
tecgecgacca ctaccagcag aacacccecca teggcgacgg cceceegtgetyg ctgeccgaca 2760
accactacct gagcacccag tccgcectga gcaaagaccece caacgagaag cgcgatcaca 2820
tggtcctget ggagttcegtyg accgcecgceccg ggatcactet cggcatggac gagctgtaca 2880
agtagtctag aagccataac ttcgtatagt acacattata cgaagtttat gcatacctgg 2940
aggaaaaaaa aaaggggaga gtcaggggtt taaacgcatt agtcttccaa ttgaaaaaag 3000
tgatttaatt tataccattt taattcagct ttgtaaaaat gtatcaaaga gatagcaagg 3060
tattcagttt tagtaaacaa gataattgct cctaaagtag ccccttgaat tccgaggcag 3120
taggcaaggt gaaactatac tttacaaata catctgtggc ttcactattt gtaaagtata 3180
gtttcaccge gctcactgte aacagcaata taccttcteg agecttetgt tgggttaacce 3240
tgaagaagta atcccagcaa gtgtttccaa gatgtgcagg caacgattct gtaaagtact 3300
gaagcctcat tcaaacatag tatatgtgct geccgaagcga gcacttaaca aggcttgcat 3360
ttaaacgcat tagtcttcca attgaaaaaa gtgatttaat ttataccatt ttaattcagc 3420
tttgtaaaaa tgtatcaaag agatagcaag gtattcagtt ttagtaaaca agataattgc 3480
tcctaaagta gecccttgaa tteccgaggca gtaggcatcce actacaagta catgtgtaat 3540
acatctgtgg cttcactatt acacatgtac ttgtagtggg cgctcactgt caacagcaat 3600
ataccttctce gagccttetg ttgggttaac ctgaagaagt aatcccagca agtgtttcca 3660
agatgtgcag gcaacgattc tgtaaagtac tgaagcctca ttcaaacata gtatatgtgc 3720
tgccgaagcg agcacttaac aaggcttgcg gccgcecccact cacctgcaat tgggecgcetce 3780
acagagaaat gaagtccagg gcecttggagga gggagaggga aagcagcagce agcagcatce 3840
aggatgtgtt ctgaaccagc aggcttatgc cgccacactt gaccagtttg tcectctataca 3900
cactgatact tttattggag ctcatgggat tcgcgcccga gactcgaagce tcacaaaagt 3960
agtcgcececte atccttggtyg gtgaagttgg ctagggtaag gaccttgata tagggctggt 4020
tggagagggt gacgcgggag cggtacgtgt gctecgggtat cccgagggtg cctgagagca 4080
cgtgcttect cttcectctegg gtcaggctga actcatgetg gatggagtta tecttggtgt 4140
tattctcatg gecggcagtee aggcgaaggt tttggttcac caggcaggct gtcaggctgg 4200
tcaccttetg cecctegggac acctgcaaga ctgagagcag gagagcgacg ctgatggetg 4260
ggttcatggt ggcgaccggt ataacttcgt ataaggtatc ctatacgaag ttatccattce 4320
aggctgtgct agcatcaatg gcatggcaca aagcttagcc ataacttcgt ataatgtgta 4380
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ctatacgaag ttatcccggg ttaaacgacc tgcagccaag cttatcgata aaataaaaga 4440
ttttatttag tctccagaaa aaggggggaa tgaaagaccc cacctgtagg tttggcaagce 4500
tagcttaagt aacgccattt tgcaaggcat ggaaaataca taactgagaa tagagaagtt 4560
cagatcaagg ttaggaacag agagacagca gaatatgggc caaacaggat atctgtggta 4620
agcagttcct gcceeggete agggccaaga acagatggte cccagatgeg gtcccegecct 4680
cagcagtttc tagagaacca tcagatgttt ccagggtgcc ccaaggacct gaaaatgacc 4740
ctgtgcctta tttgaactaa ccaatcagtt cgcttctege ttcectgttcecge gegettetge 4800
tceccecgaget caataaaaga gcccacaacce cctcactegg cgegecagte ctcecgataga 4860
ctgcgtegee cgggtacceg tgtatccaat aaaccctett gecagttgcat ccgacttgtg 4920
gtctegetgt tecttgggag ggtcetectet gagtgattga ctacccegtca gcgggggtcet 4980
ttcatgggta acagtttctt gaagttggag aacaacattc tgagggtagg agtcgaatat 5040
taagtaatcc tgactcaatt agccactgtt ttgaatccac atactccaat actcctgaaa 5100
tagttcatta tggacagcgc agaagagctg gggagaatta attcgtaatc atggtcatag 5160
ctgtttectg tgtgaaattyg ttatccgcte acaattccac acaacatacg agccggaagc 5220
ataaagtgta aagcctgggg tgcctaatga gtgagctaac tcacattaat tgecgttgegce 5280
tcactgcceg ctttecagte gggaaacctg tcgtgccage tgcattaatg aatcggccaa 5340
cgcgegggga gaggeggttt gegtattggg cgectcecttecg cttectceget cactgactceg 5400
ctgcgcetegg tegttcegget geggcgagceg gtatcagetce actcaaaggce ggtaatacgg 5460
ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagyg ccagcaaaag 5520
gccaggaacce gtaaaaaggc cgcegttgetg gegtttttec ataggctceccg cccccctgac 5580
gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga 5640
taccaggcgt ttcceccctgg aagctceeccte gtgegctete ctgtteccgac cctgecgett 5700
accggatacce tgtccgectt tetceccectteg ggaagegtgg cgctttcectceca tagcectcacgce 5760
tgtaggtatc tcagttcggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaaccce 5820
ccegttecage ccgaccgetg cgcecttatce ggtaactatce gtcttgagte caacccggta 5880
agacacgact tatcgccact ggcagcagcce actggtaaca ggattagcag agcgaggtat 5940
gtaggcggtyg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca 6000
gtatttggta tctgcgctct gctgaagcca gttacctteg gaaaaagagt tggtagetct 6060
tgatccggca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa gcagcagatt 6120
acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgcet 6180
cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttc 6240
acctagatcc ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa 6300
acttggtctg acagttacca atgcttaatc agtgaggcac ctatctcagce gatctgtcta 6360
tttegttecat ccatagttge ctgactccce gtegtgtaga taactacgat acgggagggce 6420
ttaccatctg geccccagtge tgcaatgata ccgcgagacce cacgctcacce ggctccagat 6480
ttatcagcaa taaaccagcc agccggaagg gccgagcegca gaagtggtcecce tgcaacttta 6540
tcegecteca teccagtctat taattgttge cgggaagcta gagtaagtag ttcecgccagtt 6600
aatagtttgc gcaacgttgt tgccattgct acaggcatcg tggtgtcacg ctegtcegttt 6660
ggtatggctt cattcagctce cggttcccaa cgatcaaggce gagttacatg atcccccatg 6720
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-continued
ttgtgcaaaa aagcggttag ctcctteggt cctecgateg ttgtcagaag taagttggcece 6780
gcagtgttat cactcatggt tatggcagca ctgcataatt ctcttactgt catgccatcce 6840
gtaagatgct tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatg 6900
cggcgaccga gttgctcttyg cccggegtca atacgggata ataccgcgec acatagcaga 6960
actttaaaag tgctcatcat tggaaaacgt tcttcggggce gaaaactctce aaggatctta 7020
ccgctgttga gatccagtte gatgtaacce actcgtgcac ccaactgatce ttcagcatct 7080
tttactttca ccagcgtttce tgggtgagca aaaacaggaa ggcaaaatgc cgcaaaaaag 7140
ggaataaggg cgacacggaa atgttgaata ctcatactct tecctttttca atattattga 7200
agcatttatc agggttattg tctcatgagc ggatacatat ttgaatgtat ttagaaaaat 7260
aaacaaatag gggttccgeg cacatttcce cgaaaagtgce cacctgacgt ctaagaaacc 7320
attattatca tgacattaac ctataaaaat aggcgtatca cgaggccctt tegtctegeg 7380
cgtttecggtg atgacggtga aaacctctga cacatgcagce tcccggagac ggtcacagcet 7440
tgtctgtaag cggatgcegg gagcagacaa gcccgtcagg gcgcgtcage gggtgttgge 7500
gggtgtcggg gctggcttaa ctatgcggca tcagagcaga ttgtactgag agtgcaccat 7560
atgcggtgtg aaataccgca cagatgcgta aggagaaaat accgcatcag gcgccattcg 7620
ccattcaggc tgcgcaactg ttgggaaggg cgatcggtgce gggcctctte getattacgce 7680
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcc agggttttcce 7740
cagtcacgac gttgtaaaac gacggcgcaa ggaagcagece cagtagtagyg ttgaggccgt 7800
tgagcaccge cgccgcaagg aatggtgcat gcaaggagat ggcegeccaac agtcccccgg 7860
ccacggggee tgccaccata cccacgecga aacaagceget catgagceccyg aagtggcgag 7920
ccegatette ceccatcggtyg atgtcecggcga tataggcecgece agcaaccgca cctgtggegce 7980
cggtgatgcce ggccacgatg cgtccggcegt agaggcgatt agtccaattt gttaaagaca 8040
ggatatcagt ggtccaggct ctagttttga ctcaacaata tcaccagctg aagcctatag 8100
agtacgagcc atagataaaa taaaagattt tatttagtct ccagaaaaag gggggaa 8157

<210> SEQ ID NO 28
<211> LENGTH: 44

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: FLIP cassette with

acceptor flanking the miR30

<400> SEQUENCE: 28

caggtgagtyg gccctgacte tececttttt tttttectece

a splice donor and splice

aggt

44

What is claimed is:

1. A vector comprising
a. a first pair of loxP sequences inverted in orientation with

respect to each other,
b. a nucleic acid cassette comprising a first nucleic acid
encoding
(i) at least one nucleotide sequence that can form a
hairpin structure comprising at least one miRNA
agent, and
(i1) miRNA sequences flanking the at least one nucle-
otide sequence, wherein the miRNA sequences flank-
ing the at least one nucleotide sequence are derived 65
from endogenous miRNA sequences that flank wild-
type hairpin structures, and

55

wherein the nucleic acid cassette is positioned in an anti-
sense orientation between the first pair of loxP
sequences,

c. a second pair of loxP sequences distinct from the first
pair of the loxP sequences, inverted in orientation with
respect to each other, wherein the first pair of loxP
sequences and the second pair of loxP sequences are
configured such that flipping of the first pair results in
excision of the sequences between the second pair.

2. The vector of claim 1, wherein the vector further com-
prises a second nucleic acid encoding a selectable marker in
sense orientation, wherein the second nucleic acid is posi-
tioned between the first pair of loxP sequences.

3. The vector of claim of claim 2, wherein the nucleic acid
cassette is 3' with regard to the second nucleic acid, and
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wherein a first loxP sequence of the second pair of loxP
sequences is positioned between the second nucleic acid and
the nucleic acid cassette, and a second loxP sequence of the
second pair is positioned 3' with respect to the first pair of
loxP sequences.

4. The vector of claim 3, wherein the nucleic acid cassette
further comprises a third nucleic acid encoding a second
selectable marker, wherein the third nucleic acid is in anti-
sense orientation and fused in frame to the first nucleic acid
sequence.

5. The vector of claim 1, wherein the first pair of loxP
sequences comprises wild-type sequence.

6. The vector of claim 1, wherein the second pair of loxP
sequences comprises a mutated loxP.

7. The vector of claim 1, wherein the first pair of loxP
sequences comprises a loxP 5171 sequence.

8. The vector of claim 1, wherein the second pair of loxP
sequences comprises a loxP 2272 sequence.

5
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9. The vector of claim 2, wherein the second nucleic acid
encodes two selectable markers fused in-frame with respect
to each other.

10. A method of modulating gene expression in a cell, the
method comprising:

introducing into the cell the vector of claim 1; and

inducing flipping of a first pair of loxP sequences contained

within the vector thereby inverting a nucleic acid cas-
sette contained within the vector from the antisense ori-
entation to a sense orientation,

wherein the inversion of the nucleic acid cassette allows

processing of at least one nucleotide sequence encoded
by the nucleic acid cassette into at least one functional
miRNA agent.

11. The method of claim 10, further comprising:

inducing flipping of a second pair of loxP sequences con-

tained within the vector.

#* #* #* #* #*



